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(54)  Implantable  medical  device  power  source  depletion  indicators. 
A  programmable  pulse  generator  capable  of  operating 

in  several  atrial  and  ventricular  pacing  modes  having  atrial 
and  ventricular  sense  amplifiers  and  output  circuits,  pro- 
grammable  memory  and  clock  controlled  digital  timing 
circuits  and  a  depletable  power  source.  End-of-life  sensing 
circuits  detect  first  and  second  end-of-life  depletion  levels. 
Magnet  activated  end-of-life  test  circuitry  responds  to  the 
presence  of  none,  one  or  both  of  the  end-of-life  depletion 
level  signals to  alter the  operating  modes  and  pacing  rates to 
indicate  the  originally  programmed  mode  and  the  level  of 
depletion  to  an  observer.  Preferably,  the  pulse  generator  is 
operated  in  the  asynchronous  DOO  or  VOO  modes  and  at 
non-programmed  test  rates  to  provide  the  indication. 





BACKGROUND  OF  THE  INVENTION 

F i e l d   of  the   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to  o p e r a t i n g   mode  a n d  

p a r a m e t e r   c h a n g e s   in  a r t i f i c a l   i m p l a n t a b l e   m e d i c a l   d e v i c e ,  

e.  g.  c a r d i a c   p a c e m a k e r s ,   in  r e s p o n s e   to  and  to  i n d i c a t e  

d e p l e t i o n   of  t h e   d e v i c e ' s   s e n s i n g   p o w e r   s o u r c e .  

D e s c r i p t i o n   of  t h e   P r i o r   A r t  

The  i m p l a n t a b l e   c a r d i a c   p a c e m a k e r ,   shown  in  U . S .  

P a t e n t   No.  3 , 0 5 7 , 3 5 6   and  s u b s e q u e n t   p a t e n t s   p e r m i t s   i n n o c u -  

o u s ,   p a i n l e s s ,   l o n g - t e r m   c a r d i a c   s t i m u l a t i o n   at  low  p o w e r  
l e v e l s   by  u t i l i z i n g   a  s m a l l   c o m p l e t e l y   i m p l a n t e d   t r a n s i s t o r -  

i z e d   and  b a t t e r y   o p e r a t e d   p u l s e   g e n e r a t o r   c o n n e c t e d   v i a   a  

f l e x i b l e   l e a d   b e a r i n g   an  e l e c t r o d e   d i r e c t l y   in  c o n t a c t   w i t h  

c a r d i a c   t i s s u e .   Most  p u l s e   g e n e r a t o r s   c o n s i s t   of  a  s t i m u l a -  

t i n g   c i r c u i t   and  a  s e n s i n g   c i r c u i t   b o t h   of  wh ich   d raw  c u r r e n t  

f rom  the   b a t t e r y .   In  the  p r e s e n c e   of  c o m p l e t e   h e a r t   b l o c k ,  

an  a s y n c h r o n o u s   p u l s e   g e n e r a t o r   w i t h   o n l y   a  s t i m u l a t i n g   c i r -  

c u i t   may  be  u s e d ,   h o w e v e r ,   in  most   i n s t a n c e s ,   n o n c o m p e t i t i v e  

t r i g g e r e d   or  i n h i b i t e d   p u l s e   g e n e r a t o r s   h a v i n g   the   s e n s i n g  

c i r c u i t   a re   p r e f e r r e d   and  d o m i n a t e   t he   p a c e m a k e r   m a r k e t .   T h e  

d e m a n d ,   s y n c h r o n o u s   or  t r i g g e r e d   p u l s e   g e n e r a t o r s   a re   e s p e c i -  

a l l y   u s e f u l   in  p a t i e n t s   w i t h   s p o n t a n e o u s   c a r d i a c   a c t i v i t y  

b e c a u s e   of  t h e i r   a b i l i t y   to  s e n s e   i n t r i n s i c   c a r d i a c   r h y t h m  

( a t r i a l   or  v e n t r i c u l a r   d e p e n d i n g   on  v a r i e t y   and  e l e c t r o d e  

p o s i t i o n ) ,   and  to  a l t e r   t he   p a c e m a k e r   o u t p u t   a c c o r d i n g l y .  

Such  p a c e m a k e r s   a r e   shown  fo r   e x a m p l e ,   in  U.S.   P a t e n t   N o s .  

3 , 2 5 3 , 5 9 6   ( P - w a v e   s y n c h r o n o u s ) ,   3 , 4 7 8 , 7 4 6   ( v e n t r i c u l a r  

i n h i b i t e d )   and  a r e   d e s c r i b e d   in  t he   p a c i n g   l i t e r a t u r e .  

More  r e c e n t l y ,   a t t e n t i o n   has   been   p a i d   to  t he   p h y s -  

i o l o g i c a l   a s p e c t s   of  c a r d i a c   p a c i n g   t h e r a p y   and  p a r t i c u l a r l y  

to  p a c i n g   s y s t e m s   f o r   m a i n t a i n i n g   s y n c h r o n o u s  a t r i a l   and  v e n -  

t r i c u l a r   d e p o l a r i z a t i o n   of  the   h e a r t .   In  e a r l y   a t r i a l   s y n -  

c h r o n i z e d   (or   A-V  s y n c h r o n o u s )   p a c i n g ,   a t r i a l   d e p o l a r i z a t i o n  

is  s e n s e d   t h r o u g h   one  e l e c t r o d e ,   and  a f t e r   an  a p p r o p r i a t e  



d e l a y   the   v e n t r i c l e   is  p a c e d   t h r o u g h   a  d i f f e r e n t   e l e c t r o d e ,  

t h e r e b y   r e s t o r i n g   t he   n o r m a l   s e q u e n c e   of  a t r i a l   a n d  

v e n t r i c u l a r   c o n t r a c t i o n   and  a l l o w i n g   the   p a c e r   to  r e s p o n d   t o  

p h y s i o l o g i c   n e e d s   by  i n c r e a s i n g   i t s   r a t e .   Below  a  

p r e d e t e r m i n e d   m i n i m a l   a t r i a l   r a t e ,   h o w e v e r ,   the   p a c e m a k e r  

r e v e r t s   to  i t s   b a s i c   v e n t r i c u l a r   p a c i n g   r a t e .   In  a t r i a l  

s y n c h r o n o u s ,   v e n t r i c u l a r   i n h i b i t e d   p a c e r s   of  t h e   t y p e  

d e s c r i b e d   in  U.S .   P a t e n t   Nos .   4 , 0 5 9 , 1 1 6   ano  3 , 6 4 8 , 7 0 7 ,   t h e  

v e n t r i c u l a r   d e p o l a r i z a t i o n s   a re   a l s o   s e n s e d   and  i n h i b i t   o r  

r e s e t   the   t i m i n g   of  t he   v e n t r i c u l a r   s t i m u l a t i n g   p u l s e  

g e n e r a t o r .  

A  more  c o m p l e x   m e t h o d   of  r e s t o r i n g   s y n c h r o n y   is  b y  

t h e   a t r i a l   v e n t r i c u l a r   s e q u e n t i a l   p a c i n g   of  t he   t y p e   d e -  

s c r i b e d   in  U .S .   P a t e n t   No.  3 , 5 9 5 , 2 4 2   and  s u b s e q u e n t   p a t e n t s  

w h i c h   p o s s e s s   a t r i a l   and  v e n t r i c u l a r   p u l s e   g e n e r a t o r s   a n d  

a s s o c i a t e d   e l e c t r o d e s   and  a  v e n t r i c u l a r   s e n s i n g   c i r c u i t .   I n  

a t r i a l   v e n t r i c u l a r   s e q u e n t i a l   p a c i n g , - t h e   a t r i a   and  v e n t r i -  

c l e s   a re   p a c e d   in  p r o p e r   s e q u e n c e ,   t he   a t r i a l   and  v e n t r i c u l a r  

p u l s e   g e n e r a t o r   t i m i n g   c i r c u i t s   b e i n g   r e s e t   on  s e n s i n g  

s p o n t a n e o u s   v e n t r i c u l a r   a c t i v i t y .  

F i n a l l y ,   U.S .   P a t e n t  ?   4 , 3 1 2 , 3 5 5   by  Herman  D.  F u n k e ,  

( a s s i g n e d   to  a  s u b s i d i a r y   company   of  the  a s s i g n e e   of  t h e  

p r e s e n t   i n v e n t i o n ) ,   d i s c l o s e s   a  p a c e m a k e r   w h i c h ,   i f   r e q u i r e d ,  

may  s t i m u l a t e   t he   a t r i u m   a n d / o r   v e n t r i c l e   on  demand  and  w h i c h  

is   a b l e   to  m a i n t a i n   s y n c h r o n y   as  t he   s e n s e d   a t r i a l   r a t e  

i n c r e a s e s .   A  p a c e m a k e r   of  t h i s   t y p e   is  c a p a b l e   o f  

d i s t i n g u i s h i n g   b e t w e e n   b r a d y c a r d i a   and  n o r m a l   h e a r t   f u n c t i o n  

and  to  p r o v i d e   a t r i a l   a n d / o r   v e n t r i c u l a r   p a c i n g   in  t h e  

f o l l o w i n g   modes :   i n h i b i t e d   in  t he   c a s e   where   the   a t r i u m   a n d  

v e n t r i c l e   b e a t   at  a  s u f f i c i e n t   r a t e ;   a t r i a l   demand  i n  

i n s t a n c e s   whe re   the   a t r i u m   is  b e a t i n g   at  an  i n s u f f i c i e n t   r a t e  

and  must   be  s t i m u l a t e d   w h e r e a s   t h e   v e n t r i c l e   p r o p e r l y  

f o l l o w s ;   a t r i a l   s y n c h r o n o u s   when  the   a t r i u m   d e p o l a r i z e s   at  a  

s u f f i c i e n t   r a t e   bu t   t he   v e n t r i c l e   does   not   f o l l o w   w i t h i n   a  

p r e s c r i b e d   A-V  i n t e r v a l ;   and  demand   in  bo th   c h a m b e r s   w h e n  



n e i t h e r   t he   a t r i u m   and  the  v e n t r i c l e   s p o n t a n e o u s l y   d e p o l a r i z e  

at   the   d e s i r e d   r a t e .  

A l l   of  the   demand  p a c e m a k e r s   of  t he   t y p e s   d e -  

s c r i b e d   a b o v e   c o m p r i s e   v e n t r i c u l a r  a n d / o r   a t r i a l   t i m i n g  

c i r c u i t s   w h i c h   may  be  a  s i m p l e   o s c i l l a t o r   of  the   e a r l y  

d e s i g n s   or  t he   c o m p l e x ,   p r o g r a m m a b l e ,   d i g i t a l   t i m i n g   c i r c u i t  

of  the   t y p e   d i s c l o s e d ,   f o r   e x a m p l e ,   in  the   commonly   a s s i g n e d  

U.S.   P a t e n t   No.  4 , 2 3 0 , 1 2 0 ,   an  a n a l o g   s e n s e   a m p l i f i e r   c i r c u i t  o f  t h e  

t y p e   d i s c l o s e d , f o r   e x a m p l e ,   in  U . S .   P a t e n t  N °   4 , 2 6 5 , 5 5 1  

by  M a r c  T .   S t e i n ,   and  an  a n a l o g   o u t p u t   c i r c u i t   of  t h e   t y p e  

d i s c l o s e d ,   f o r   e x a m p l e ,   in  the   c o p e n d i n g   U . S .   S e r i a l   N o .  

9 9 7 , 8 2 6   f i l e d   N o v e m b e r   6,  1978  in  t he   name  of  D a v i d   L .  

T h o m p s o n ,   a l l   a s s i g n e d   to  t h e   a s s i g n e e   of  t h e   p r e s e n t  

i n v e n t i o n .   The  i n p u t s   of  t he   r e s p e c t i v e   s e n s e   a m p l i f i e r s   a n d  

t he   o u t p u t   c a p a c i t a n c e s   of  t he   o u t p u t   c i r c u i t s   a re   c o m m o n l y  

c o u p l e d   to  t he   r e s p e c t i v e   a t r i a l   or  v e n t r i c u l a r   s e n s e  

a m p l i f i e r s   and  t h r o u g h   p a c i n g   l e a d s   to  t he   e l e c t r o d e s   c o u p l e d  

to  the  p a t i e n t ' s   h e a r t .  

Such  m e d i c a l   d e v i c e s   as  the   demand  p a c e m a k e r s   o f  

the   t y p e s   d e s c r i b e d   above   a re   p o w e r e d   by  d e p l e t a b l e   p o w e r  

s o u r c e s   or  b a t t e r i e s   which   d e p l e t e   f rom  a  b e g i n n i n g   of  l i f e  

(BOL)  to  an  end  of  l i f e   (EOL)  v o l t a g e   and  c u r r e n t  

c o n d i t i o n .   The  d e p l e t i o n   r e d u c e s   t he   c u r r e n t   and  v o l t a g e  

a v a i l a b l e   to  power   the   v a r i o u s   c o m p o n e n t s   of  t he   p u l s e  

g e n e r a t o r   and  p r o v i d e   an  a d e q u a t e   s t i m u l a t i o n   e n e r g y  

l e a d i n g   to  e i t h e r   l o s s   of  c a p a b i l i t y   of  the   d e v i c e   o r  

c a p t u r e   of  t he   p a t i e n t ' s   h e a r t .   To  a l e r t   t he   p a t i e n t   o r  

p h y s i c i a n   of  the   c o n d i t i o n   of  t he   b a t t e r y ,   p r i o r   a r t   p u l s e  

g e n e r a t o r s   have   p r o v i d e   e n d - o f - l i f e   i n d i c a t o r   c i r c u i t s ,  

u s u a l l y   a c t i v a t e d   by  a  m a g n e t i c a l l y   a c t u a t e d   r e e d   s w i t c h ,  

which   c a u s e   t he   p u l s e   g e n e r a t o r   to  o p e r a t e   in  a n  

a s y n c h r o n o u s   mode  at  a  r a t e   wh ich   d i f f e r s   f rom  the   r a t e  

p r o v i d e d   at  BOL  in  p r o p o r t i o n   to  t he   power   s o u r c e   d e p l e t i o n  

or  to  a  p r e d e t e r m i n e d   EOL  r a t e   upon  d e p l e t i o n   or  t o  a  

p r e d e t e r m i n e d   EOL  r a t e   upon  d e p l e t i o n   to  a  s e l e c t e d   EOL 



e n e r g y   l e v e l .   Such  p r i o r   a r t   p u l s e   g e n e r a t o r s   of  t he   t y p e  
d e s c r i b e d   in  the   a f o r e m e n t i o n e d   U .S .   P a t e n t   No.  4 , 2 3 0 , 1 2 0  

p o s s e s s   such  EOL  c i r c u i t r y   f o r   i n d i c a t i n g   to  the  p h y s i c i a n  

the   s t a t e   of  d e p l e t i o n   of  t he   power   s o u r c e .   In  a  

m u l t i - p r o g r a m m a b l e   m u l t i - m o d e   m e d i c a l   d e v i c e   of  t h e   t y p e  

d e s c r i b e d   h e r e i n ,   s e v e r a l   modes   and  o p e r a t i n g   p a r a m e t e r s   o f  

t he   d e v i c e   may  be  s e l e c t i v e l y   p r o g r a m m e d .   In  the   a t r i a l   a n d  

v e n t r i c u l a r   p a c e m a k e r   of  t he   t y p e   d e s c r i b e d   h e r e i n ,   t h e  

e n e r g y   d r a i n   on  t h e   power   s o u r c e   is  a c c e n t u a t e d   by  t h e  

c o m p l e x i t y   and  number   of  c o m p o n e n t s   in  the   c i r c u i t r y   and  b y  

t h e   A-V  s e q u e n t i a l   p a c i n g   o u t p u t   p u l s e s   wh ich   o v e r   t h e   s a m e  

p e r i o d   of  t i m e ,   at  f u l l   p a c i n g ,   d raw  c u r r e n t   more  r a p i d l y  

f rom  t he   b a t t e r y   t h a n   a  c o n v e n t i o n a l   s i n g l e   c h a m b e r   d e m a n d  

p a c e m a k e r .   T h e s e   c h a r a c t e r i s t i c s   of  the   p u l s e   g e n e r a t o r   i n  

w h i c h   the   p r e s e n t   i n v e n t i o n   is  e m b o d i e d   r e q u i r e   a  m o r e  

c o m p l e x   and  g r a d u a t e d   m a n n e r   in  w h i c h   the  power   s o u r c e  

d e p l e t i o n   may  be  m o n i t o r e d   u n d e r   s e v e r a l   o p e r a t i n g  

c o n d i t o n s .  

SUMMARY  OF  THE  INVENTION 

A c c o r d i n g l y ,   in  r e c o g n i t i o n   of  t he   a b o v e - s t a t e d  

c h a r a c t e r i s t i c s   of  t he   more  c o m p l e x   m e d i c a l   d e v i c e s ,   t h e  

p r e s e n t   i n v e n t i o n   p r o v i d e s   a  b a t t e r y   d e p l e t i o n   i n d i c a t o r  

w h i c h   can  be  s e l e c t i v e l y   i n t e r r o g a t e d   to  c a u s e   t he   m e d i c a l  

d e v i c e   to  o p e r a t e   in  p r e - s e l e c t e d   modes  and  r a t e s   w h i c h  

i n d i c a t e   the   mode  in  w h i c h   the   d e v i c e   is  p r o g r a m m e d   and  t h e  

d e p l e t i o n   l e v e l   of  t h e   p o w e r   s o u r c e .  

W i t h i n   t he   c o n t e x t   of  an  i m p l a n t a b l e   p a c e m a k e r  

p u l s e   g e n e r a t o r   i n c o r p o r a t i n g   c o o p e r a t i n g   a n a l o g   a n d  

d i g i t a l   c i r c u i t r y   f o r   t he   g e n e r a t i o n   and  a p p l i c a t i o n   o f  

s t i m u l a t i n g   p u l s e s   to  t he   a t r i u m   a n d / o r   the   v e n t r i c l e   o f  

the   p a t i e n t r s   h e a r t ,   t he   p r e s e n t   i n v e n t i o n   is  d i r e c t e d   t o  

t h e   EOL  i n d i c a t i n g   c i r c u i t r y   and  m e t h o d   of  o p e r a t i o n   of  t h e  

p u l s e   g e n e r a t o r   in  r e s p o n s e   to  i t s   i n t e r r o g a t i o n   w h i c h  

c a u s e s   the  p u l s e   g e n e r a t o r   to  o p e r a t e   in  p r e - s e l e c t e d   m o d e s  

and  at  p r e - s e l e c t e d   p a c i n g   r a t e s   w i t h i n   a  r a n g e   of  BOL 

power   s o u r c e   e n e r g y   and  upon  d e p l e t i o n   to  EOL  e n e r g y  



l e v e l s .   B r i e f l y ,   t h e   power   s o u r c e   d e p l e t i o n   i n d i c a t i n g  

c i r c u i t r y   and  m e t h o d   of  t he   p r e s e n t   i n v e n t i o n   c o n t e m p l a t e s  

t h e   o p e r a t i o n   of  t h e   p u l s e   g e n e r a t o r   in  an  a s y n c h r o n o u s  

p a c i n g   mode  upon  c l o s u r e   of  a  r e e d   s w i t c h   in  r e s p o n s e   to  a n  

a p p l i e d   m a g n e t i c   f i e l d   and  t he   s e l e c t i o n   of  a  p r e d e t e r m i n e d  

p a c i n g   r a t e   f rom  a  n u m b e r   of  p o s s i b l e   p a c i n g   r a t e s   t o  

i n d i c a t e   to  the   o b s e r v i n g   p h y s i c i a n   t h a t   t h e   power   s o u r c e  

is   w i t h i n   t he   BOL  r a n g e   or  has   d e p l e t e d   in  e n e r g y   to  one  o r  

more  EOL  d e p l e t i o n   l e v e l s .   In  c e r t a i n   p r o g r a m m e d   modes  o f  

o p e r a t i o n   of  the   p u l s e   g e n e r a t o r   w h e r e i n   b o t h   the   a t r i u m  

and  v e n t r i c l e   can  be  s t i m u l a t e d   by  a t r i a l   and  v e n t r i c u l a r  

o u t p u t   p u l s e s ,   t h e   c l o s u r e   of  the   r e e d   s w i t c h   e f f e c t s   a n  

a s y n c h r o n o u s   A-V  p a c i n g   mode.   when  the   p u l s e   g e n e r a t o r   i s  

a l t e r n a t e l y   p r o g r a m m e d   in  t he   modes  w h e r e i n   a t r i a l   p a c i n g  

c a n n o t   t a k e   p l a c e ,   t he   p u l s e   g e n e r a t o r   is  o p e r a t e d   in  t h e  

a s y n c h r o n o u s   v e n t r i c u l a r   p a c i n g   mode  d u r i n g   t e s t i n g   of  t h e  

d e p l e t i o n   l e v e l .   In  a  p r e f e r r e d   e m b o d i m e n t   of  t h e  

i n v e n t i o n ,   f i r s t   and  s e c o n d   EOL  l e v e l s   i n d i c a t i n g   i m m i n e n t  

b a t t e r y   d e p l e t i o n   and  f i n a l   b a t t e r y   d e p l e t i o n ;  

r e s p e c t i v e l y ,   c a u s e   t h e   p u l s e   g e n e r a t o r   ( upon   a p p l i c a t i o n  

of  the  m a g n e t i c   f i e l d )   to  c h a n g e   i t s   o p e r a t i n g   mode.   A t  

the   s e c o n d   EOL  l e v e l ,   t h e   o p e r a t i n g   mode  is   c h a n g e d   by  

a p p l i c a t i o n   of  t h e   m a g n e t   f rom  i t s   p r o g r a m m e d   mode  to  t h e  

v e n t r i c u l a r   demand  (VVI)  mode  to  c o n s e r v e   r e m a i n i n g   b a t t e r y  

e n e r g y .   The  p a c i n g   r a t e   is  a l s o   c h a n g e d   to  t h e   s e c o n d   EOL 

t e s t   r a t e .  

As  a  f u r t h e r   f e a t u r e   of  the   i n v e n t i o n ,   at   the   BOL 

and  EOL  c o n d i t i o n ,   t h e   p r o g r a m m e d   modes  may  b e  

d i s t i n g u i s h e d   one  f rom  a n o t h e r   by  the  s e l e c t i o n   of  t h e  

p a c i n g   r a t e   and  mode.   The  modes  a re   c h a n g e d   to  t he   A-V 

a s y n c h r o n o u s   (DOO)  mode  or  t he   v e n t r i c u l a r   a s y n c h r o n o u s   (VOO) 

mode  d e p e n d i n g   on  t he   p r o g r a m m e d   modes .   The  p r o g r a m m e d   r a t e  

may  a l s o   be  c h a n g e d   to  a  t h i r d   p r e s e t   r a t e   d i f f e r e n t   from  a n y  

p o s s i b l e   p r o g r a m m a b l e   r a t e .   In  t h i s   m a n n e r ,   t he   c o m b i n a t i o n  

of  the   o b s e r v e d   r a t e   and  the   o b s e r v e d   mode  i n d i c a t e s   to  t h e  

p h y s i c i a n   the   b a t t e r y   c o n d i t i o n   and  p r o g r a m m e d   mode  o f  

o p e r a t i o n   of  the   p u l s e   g e n e r a t o r .  



The  f o r e g o i n g   and  a d d i t i o n a l   a d v a n t a g e s   a n d  

c h a r a c t e r i z i n g   f e a t u r e s   of  t he   p r e s e n t   i n v e n t i o n   w i l l  

become  c l e a r l y   a p p a r e n t   upon  r e a d i n g   of  the   e n s u i n g  

d e t a i l e d   d e s c r i p t i o n   of  an  i l l u s t r a t i v e   e m b o d i m e n t   t h e r e o f  

t o g e t h e r   w i t h   the   i n c l u d e d   d r a w i n g s   d e p i c t i n g   t h i s   t h e m e .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

'FIG.   1  i s   a  b l o c k   c i r c u i t   d i a q r a m   of  the   d u a l  

c h a m b e r   p a c e m a k e r   of  t h e   p r e s e n t   i n v e n t i o n ;  

FIG.  2  i s   a  b l o c k   c i r c u i t   d i a g r a m   of  t he   d i g i t a l  

c o n t r o l l e r   c i r c u i t   e m p l o y e d   in  t he   FIG.  1  c i r c u i t ;   a n d  

FIG.  3  is  a  b l o c k   c i r c u i t   d i a g r a m   of  t h e  

d e p l e t i o n   i n d i c a t i n g   c i r c u i t   of  the   p u l s e   g e n e r a t o r .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

The  d e p l e t i o n   mode  o p e r a t i o n   of  t he   p u l s e  

g e n e r a t o r   of  t he   p r e s e n t   i n v e n t i o n   w i l l   be  e x p l a i n e d   i n  

d e t a i l   a f t e r   t he   f o l l o w i n g   d e s c r i p t i o n s   of  the   d u a l   c h a m b e r  

DDD  p a c e m a k e r   in  wh ich   i t   is  e m b o d i e d .  

The  d u a l   c h a m b e r   p a c e m a k e r   of  the   p r e s e n t  

i n v e n t i o n   p o s s e s s e s   f i v e   b a s i c   c o m p o n e n t s   in  a d d i t i o n   t o  

t he   n e c e s s a r y   power   s u p p l y   and  l e a d s   f o r   c o n d u c t i n g  

e l e c t r i c a l   s i g n a l s   b e t w e e n   t h e   p a t i e n t ' s   h e a r t   and  t h e  

p a c e m a k e r   p u l s e   g e n e r a t o r .   T h e s e   c o m p o n e n t s   a r e   an  a t r i a l  

s e n s e   a m p l i f i e r ,   a  v e n t r i c u l a r   s e n s e   a m p l i f i e r ,   an  a t r i a l  

o u t p u t   s t a g e ,   a  v e n t r i c u l a r   o u t p u t   s t a g e ,   and  a  d i g i t a l  

c o n t r o l l e r   c i r c u i t   p o s s e s s i n g   p r o g r a m m a b l e   memory  and  l o g i c  

c i r c u i t s   w h i c h   t i m e   the   p r o d u c t i o n   of  a t r i a l   a n d / o r  

v e n t r i c u l a r   s t i m u l a t i n g   o u t p u t   p u l s e s   as  a  f u n c t i o n   of   t h e  

P  waves   s e n s e d   by  the   a t r i a l   s e n s e   a m p l i f i e r ,   R  w a v e s  

s e n s e d   by  the   v e n t r i c u l a r   s e n s e   a m p l i f i e r ,   p a r a m e t e r   a n d  

mode  d a t a   s t o r e d   w i t h i n   the   m e m o r y ,   the   s t a t u s   o f   t he   p o w e r  

s o u r c e   v o l t a g e ,   and  the  c o n d i t i o n   of  a  r e e d   s w i t c h   w h i c h  

may  be  e f f e c t e d   by  an  e x t e r n a l   m a g n e t i c   f i e l d .   I t   i s  

c o n t e m p l a t e d   t h a t   in  t he   p r e f e r r e d   e m b o d i m e n t   of  t h i s  

i n v e n t i o n ,   t h e   p u l s e   g e n e r a t o r   wou ld   be  c o n t a i n e d   w i t h i n   a  

s e a l e d   m e t a l l i c   c o n t a i n e r   e l e c t r i c a l l y   c o n n e c t e d   to  t h e  



o u t p u t   s t a g e s   to  a c t   as  an  i n d i f f e r e n t   e l e c t r o d e   and  a  p a i r  

of  o u t p u t   c o n n e c t o r s   or  t e r m i n a l s   a d a p t e d   to  be  c o u p l e d   by  

way  of  l e a d s   f rom  the   o u t p u t   t e r m i n a l s   e x t e n d i n g   to  t h e ,  

a t r i u m   and  v e n t r i c l e   of  the   p a t i e n t ' s   h e a r t .  

I t   is  c o n t e m p l a t e d   t h a t   t he   d u a l   c h a m b e r  

p a c e m a k e r   of  t h e   p r e s e n t   i n v e n t i o n   may  a u t o m a t i c a l l y  

o p e r a t e   in  s e v e r a l   d i f f e r e n t   p a c i n g   modes  d e p e n d i n g   on  t h e  

p r e s e n c e   or  a b s e n c e   of  s e n s e d   a t r i a l   a n d / o r   v e n t r i c u l a r  

d e p o l a r i z a t i o n s ,   t h a t   i s   P  waves   a n d / o r   R  w a v e s ,   in  a  
m a n n e r   d e s c r i b e d   g e n e r a l l y   f o r   e x a m p l e   in  t h e  

a b o v e m e n t i o n e d   U.S.   P a t e n t   N°  4 , 3 1 2 , 3 5 5 .  

In  t h i s   c o n t e x t ,   i t   is  c o n t e m p l a t e d   t h a t   s e v e r a l   modes   o f  

o p e r a t i o n   may  a u t o m a t i c a l l y   t a k e   p l a c e   d e p e n d i n g   on  t h e  

c o n c . i t i o n   of  t h e   p a t i e n t ' s   h e a r t .  

G e n e r a l l y ,   if   n e i t h e r   P - w a v e s   no r   R - w a v e s   a r e  

p r e s e n t   in  t h e   a t r i a l   and  v e n t r i c u l a r   e s c a p e   i n t e r v a l s   s e t  

by  t he   t i m i n g   c i r c u i t r y   of  t he   p a c e m a k e r ,   i t   w i l l   f u n c t i o n  

in  the   d u a l   c h a m b e r ,   A-V  s e q u e n t i a l   f i x e d   r a t e   mode  (DOO 

mode  as  t h i s   mode  and  o t h e r s   r e f e r r e d   to  h e r e i n   a r e  

d e s i g n a t e d   in  the   R e p o r t   of  the   I n t e r - S o c i e t y   C o m m i s s i o n  

f o r   H e a r t   D i s e a s e   R e s o u r c e s   in  C i r c u l a t i o n ,   Vo l .   L . ,  

O c t o b e r ,   1 9 7 4 . )   If   P - w a v e s   a re   no t   p r e s e n t ,   bu t   R - w a v e s  

r e c u r   f rom  t i m e   to  t ime   w i t h i n   the   A-V  d e l a y   i n t e r v a l ,   t h e  

d e v i c e   o p e r a t e s   in  the   A-V  s e q u e n t i a l   demand  or  DVI  m o d e .  

I f   P - w a v e s   a r e   p r e s e n t ,   t h i s   d e v i c e   o p e r a t e s   in  t h e   a t r i a l  

s y n c h r o n o u s   or   VAT  mode  in  t he   a b s e n c e   of  R - w a v e s   s e n s e d  

w i t h i n   t h e   A-V  e s c a p e   i n t e r v a l   or  in  the   a t r i a l   s y n c h r o n o u s  

v e n t r i c u l a r   i n h i b i t e d   (ASVIP)  or  VDT/I  mode  when  R - w a v e s  

r e c u r   w i t h i n   t h e   A-V  i n t e r v a l .  

In  a d d i t i o n   i t   is  c o n t e m p l a t e d   t h a t   t he   d u a l  

c h a m b e r   p a c e m a k e r   of  the   p r e s e n t   i n v e n t i o n   may  b e  

e x t e r n a l l y   p r o g r a m m e d   to  o p e r a t e   in  a  number   of  d i f f e r e n t  

modes  i n c l u d i n g :   the   f u l l y   a u t o m a t i c   d u a l   c h a m b e r ,   or   DDD 

mode  d e s c r i b e d   a b o v e ,   in  w h i c h   the  a t r i a l   and  v e n t r i c u l a r  

s e n s e   a m p l i f i e r s   and  the   a t r i a l   and  v e n t r i c u l a r   o u t p u t  

s t a g e s   a re   f u l l y   o p e r a t i o n a l ;   in  the   a t r i a l - v e n t r i c u l a r  

s e q u e n t i a l   p a c i n g   mode,   or  DVI  mode,   w h e r e i n   a t r i a l   a n d  



v e n t r i c u l a r   s t i m u l a t i n g   p u l s e s   a r e   p r o v i d e d   in  t i m e d  

r e l a t i o n s n i p   to  one  a n o t h e r   in  t he   a b s e n c e   of  s e n s e a  

v e n t r i c u l a r   d e p o l a r i z a t i o n ;   in  t he   a t r i a l   s y n c h r o n o u s ,   . 
v e n t r i c u l a r   i n h i b i t e d   (ASVIP)  mode ,   or  the   VDT/I  m o d e ,  

w n e r e i n   the   s e n s e d   a t r i a l   d e p l a r i z a t i o n s   c a u s e   the   p u l s e  

g e n e r a t o r   to  d e l i v e r   a  v e n t r i c u l a r   s t i m u l a t i o n   p u l s e   u n l e s s  

a  s p o n t a n e o u s   or  c o n d u c t e d   v e n t r i c u l a r   d e p o l a r i z a t i o n   i s  

d e t e c t e d   by  t he   v e n t r i c u l a r   s e n s e   a m p l i f i e r   p r i o r   to  t n e  

a i m i n g   out   of  a  s u i t a b l e   A-V  d e l a y   p e r i o d ;   or  t h e  

v e n t r i c u l a r   d e m a n d - p a c i n g   mode ,   t he   VVI  mode,   w h e r e i n   t h e  

a t r i a l   s e n s e   a m p l i f i e r   and  a t r i a l   o u t p u t   s t a g e s   are   n o t  

e m p l o y e d .  

In  a d d i t i o n   i t   i s  c o n t e m p l a t e d   t h a t   t he   p u l s e  

g e n e r a t o r   can  be  p r o g r a m m e d   to  o p e r a t e   in  t he   a t r i a l  

a s y n c h r o n o u s   mode  (AOO),  t he   v e n t r i c u l a r   a s y n c h r o n o u s   m o d e  

(VOO),  or  t he   a t r i a l   v e n t r i c u l a r   a s y n c h r o n o u s   mode  ( D O O ) ,  

by  s e l e c t i v e l y   p r o g r a m m i n g   p u l s e   w i d t h   to  z e r o   a n d  

s e n s i t i v i t y   to  i n f i n i t e   to  a r r i v e   at  t h e s e   r e s u l t i n g  

c o m b i n a t i o n s .  

T u r n i n g   now  to  FIG.  1,  t h e r e   is  shown  an  a t r i a l  

s e n s e   a m p l i f i e r   10,  v e n t r i c u l a r   s e n s e   a m p l i f i e r   12,  a t r i a l  

o u t p u t   s t a g e   14,  v e n t r i c u l a r   o u t p u t   s t a g e   16,  d i g i t a l  

c o n t r o l   and  l o g i c   c i r c u i t   18,  and  t h r e e   f u r t h e r   c i r c u i t s ,  

t he   RF  d e m o d u l a t o r   c i r c u i t   20  f o r   r e c e i v i n g   r e m o t e l y  

a p p l i e d   p r o g r a m m i n g   s i g n a l s   and  m a g n e t i c   f i e l d   t e s t  

s i g n a l s ,   a  c r y s t a l   o s c i l l a t o r   22  f o r   p r o v i d i n g   the   b a s i c  

c l o c k   f r e q u e n c y   f o r   the   d i g i t a l   c o n t r o l   and  l o g i c   c i r c u i t  

18,  and  a  v o l t a g e   c o n t r o l l e d   o s c i l l a t o r   (VCO)  c i r c u i t   2 4  

f o r   t i m i n g   c e r t a i n   o p e r a t i o n s   of  t he   d i g i t a l   c o n t r o l   a n d  

l o g i c   c i r c u i t   18.  The  a t r i a l   s e n s e   a m p l i f i e r   10  is  c o u p l e d  

b e t w e e n   the   a t r i a l   l e a d   t e r m i n a l   26  and  t ne   c a se   t e r m i n a l  

28  for   s e n s i n g   a t r i a l   d e p o l a r i z a t i o n s ,   or  P  w a v e s .   T h e  

v e n t r i c u l a r   s e n s e   a m p l i f i e r   12  is  s i m i l a r l y   c o u p l e d   to  t h e  

c a s e   t e r m i n a l   28  and  the  v e n t r i c u l a r   p a c i n g   l e a d   t e r m i n a l  

30,  f o r   s e n s i n g   v e n t r i c u l a r   a e p o l a r i z a t i o n s ,   or  R  w a v e s .  

The  d i g i t a l   c o n t r o l   and  l o g i c   c i r c u i t   18  i s   c o u p l e d   to  t h e  

o u t p u t   t e r m i n a l s   of  the   a t r i a l   and  v e n t r i c u l a r   s e n s e  



a m p l i f i e r s   to  r e c e i v e   the   a t r i a l   a m p l i f i e r   o u t p u t   s i g n a l   a t  

t e r m i n a l   50  and  the   v e n t r i c u l a r   a m p l i f i e r   o u t p u t   s i g n a l   a t  

t e r m i n a l   74,  to  p r o c e s s   the   s i g n a l s   in  a c c o r d a n c e   w i t h   t h e  

mode  to  which   the   p a c e m a k e r   is  p r o g r a m m e d   and  t h e  

p a r a m e t e r s   of  a t r i a l   and  v e n t r i c u l a r   t i m i n g   e s c a p e  
i n t e r v a l s   and  to  p r o d u c e ,   i f   a p p r o p r i a t e ,   a t r i a l   p a c e  
i n i t i a t e   s i g n a l s   PWA  and  v e n t r i c u l a r   p a c e   i n i t i a t e   s i g n a l s  

PWV  whicn   a re   r e s p e c t i v e l y   c o u p l e d   to  i n p u t   t e r m i n a l s   o f  

t h e   a t r i a l   o u t p u t   s t a g e   14  and  the   v e n t r i c u l a r   o u t p u t   s t a g e  

16  to  i n i t i a t e   r e s p e c t i v e   a t r i a l   and  v e n t r i c u l a r  

s t i m u l a t i n g   p u l s e s .   The  p r o d u c t i o n   of  t h e   a t r i a l   a n d / o r  

v e n t r i c u l a r   i n i t i a t e   p u l s e s   is  d e p e n d e n t   upon  the  p r e s e n c e  

or   a o s e n c e   of  s e n s e d   a t r i a l   a n d / o r   v e n t r i c u l a r  

d e p o l a r i z a t i o n s   of  t h e   h e a r t   w i t h i n   c e r t a i n   e s c a p e  
i n t e r v a l s   e s t a b l i s h e d   by  the   p a r a m e t e r   d a t a   s t o r e d   i n  

memory  w i t h i n   the   d i g i t a l   c o n t r o l   and  l o g i c   c i r c u i t   18  a n d  

d e p e n d e n t   upon  w h e t h e r   or  no t   the   r e e d   s w i t c h   32  i s  o p e n   o r  

c l o s e d   by  the   a p p l i c a t i o n   of  an  e x t e r n a l   m a g n e t   or  on  t h e  

c o n d i t i o n   of  i n t e r f e r e n c e   d e t e c t o r   34  w i t h i n   t h e  

v e n t r i c u l a r   s e n s e   a m p l i f i e r   12  w h i c h   r e s p o n d s   to  n o i s e  

s i g n a l s   p i c k e d   up  by  the   v e n t r i c u l a r   s e n s e   a m p l i f i e r .  

I g n o r i n g   f o r   the   moment   t he   p o s s i b i l i t y   of   t he   c l o s u r e   o f  

t he   r e e d   s w i t c h   32  or   i n t e r f e r e n c e ,   and  t u r n i n g   to  t h e  

o p e r a t i o n   of  the   c i r c u i t   in  the   DDD  mode ,   t h e   p u l s e  

g e n e r a t o r   w i l l   p a c e   at   a  p r o g r a m m a b l e   l o w e r   r a t e   i f   n e i t h e r  

P  waves   nor  R  waves   a r e   s e n s e d   w i t h i n   t h e   e s c a p e   i n t e r v a l s  

e s t a b l i s h e d   by  l o w e r   r a t e   d a t a   s t o r e d   in  m e m o r y .   The  A - V  

i n t e r v a l   b e t w e e n   the   p r o d u c t i o n   of  a t r i a l   and  v e n t r i c u l a r  

i n i t i a t e   s i g n a l s   by  the   d i g i t a l   c o n t r o l   and  l o g i c   c i r c u i t  

18  is   s i m i l a r l y   p r o g r a m m a b l e   and,   u n d e r   t h e s e   c o n d i t i o n s ,  

t he   t o t a l   o p e r a t i o n   of  t he   p a c e m a k e r   is  c h a r a c t e r i z e d   a s  

A-V  s e q u e n t i a l ,   demand  p a c i n g .  

I f   a  P  wave  is  s e n s e d   by  the   a t r i a l   s e n s e   a m p l i -  

f i e r   10  w i t h i n   the   p r o g r a m m e d   a t r i a l   e s c a p e   i n t e r v a l ,  

( c o r r e s p o n d i n g   to  a  p r o g r a m m b l e   l o w e r   r a t e ) ,   the   d i g i t a l  

c o n t r o l   and  l o g i c   c i r c u i t   18  w i l l   no t   p r o d u c e   an  a t r i a l  

p a c e   i n i t i a t e   s i g n a l ,   bu t   i n s t e a d   w i l l   c o m m e n c e   the  t i m i n g  



or  t h e   A-V  i n t e r v a l .   If   an  R  wave  is  s e n s e d   by  t h e  

v e n t r i c u l a r   s e n s e   a m p l i f i e r   12  p r i o r   to  the   e x p i r a t i o n   o f  

t h e   A-V  i n t e r v a l ,   the   v e n t r i c u l a r   p a c i n g   i n i t i a t e   s i g n a l   i s  

s i m i l a r l y   not   p r o d u c e d ,   and  a l l   t i m i n g   i n t e r v a l s   w i l l   b e  

r e s e t .   But  i f   an  R  wave  is  n o t   s e n s e d   p r i o r   to  t h e  

c o m p l e t i o n   of  the   A-V  i n t e r v a l ,   a  v e n t r i c u l a r   p a c e   i n i t i a t e  

p u l s e   w i l l   be  p r o v i d e d   by  the   d i g i t a l   c o n t r o l   and  l o g i c  

c i r c u i t   to  i n i t i a t e   the  p r o d u c t i o n   of  a  v e n t r i c u l a r   p a c i n g  

s t i m u l u s   at  t he   end  of  the   d e l a y .  

If   the   memory  w i t h i n   t h e   d i g i t a l   c o n t r o l   a n d  

l o g i c   c i r c u i t   18  is  p r o g r a m m e d   to  t h e   VVI  mode,   t he   a t r i a l  

s e n s e   a m p l i f i e r   o u t p u t   s i g n a l   is  i g n o r e d ,   and  the   a t r i a l  

o u t p u t   i n i t i a t e   s i g n a l   is  no t   p r o d u c e d .   T h u s ,   t he   d i g i t a l  

c o n t r o l   and  l o g i c   c i r c u i t   18  r e s p o n d s   o n l y   to  R  w a v e s  

s e n s e d   by  the   v e n t r i c u l a r   a m p l i f i e r   12  and  p r o d u c e s   o n l y  

v e n t r i c u l a r   p a c e   i n i t i t a t e   s i g n a l s   in  the   a b s e n c e   of  an  R 

wave  o c c u r i n g   p r i o r   to  the  e x p i r a t i o n   of  tne   v e n t r i c u l a r  

e s c a p e   i n t e r v a l .  

I f   the   d e v i c e   is  p r o g r a m m e d   in  the  DVI  mode ,   t h e  

a t r i a l   o u t p u t   s i g n a l   of  the   a t r i a l   s e n s e   a m p l i f i e r   10  i s  

s i m i l a r l y   i g n o r e d .   H o w e v e r ,   t h e   a t r i a l   o u t p u t   s t a g e   a n d  

t h e   v e n t r i c u l a r   o u t p u t   s t a g e   r e c e i v e   a t r i a l   and  v e n t r i c u l a r  

p a c e   i n i t i t a t e   s i g n a l s   at  t h e   p r o g r a m m a b l e   l o w e r   r a t e   a n d  

s e p a r a t e d   by  t h e   A-V  i n t e r v a l .   I f   an  R  wave  is  s e n s e d  

d u r i n g   the   e s c a p e   i n t e r v a l   and  f o l l o w i n g   the  r e f r a c t o r y  

p e r i o d   of  t h e   v e n t r i c u l a r   s e n s e   a m p l i f i e r ,   t he   l o w e r   r a t e  

t i m i n g   is  r e s e t .   I f   an  R  wave  i s   s e n s e d   p r i o r   to  t h e  

c o m p l e t i o n   of  t he   A-V  i n t e r v a l   and  f o l l o w i n g   t he   d e l i v e r y  

of  an  a t r i a l   s t i m u l a t i n g   p u l s e   to  t he   h e a r t ,   t h e n   t h e  

v e n t r i c u l a r   p a c e   i n i t i a t e   s i g n a l   is   i n h i b i t e d   o r   n o t  

d e l i v e r e d ,   and  the  l o w e r   r a t e   e s c a p e   i n t e r v a l   is  a g a i n  

r e s e t .  

In  t he   a t r i a l   s y n c h r o n o u s   v e n t r i c u l a r   i n h i b i t e d ,  

or   VDT/I  mode,   P  waves   r e c u r r i n g   a t   a  r a t e   e x c e e d i n g   t h e  

p r o g r a m m a b l e   l o w e r   r a t e ,   a r e   s e n s e d   by  the  a t r i a l   s e n s e  

a m p l i f i e r   and  p r o c e s s e d   by  the   d i g i t a l   c o n t r o l   and  l o g i c  

c i r c u i t   18  to  commence  the   A-V  t i m i n g   i n t e r v a l .   A g a i n ,   i f  



an  R  wave  is  s e n s e d   p r i o r   to  t he   c o m p l e t i o n   of  the   A - V  

i n t e r v a l ,   the   v e n t r i c u l a r   p a c i n g   o u t p u t   is  i n h i b i t e d   a n d  

a l l   t i m i n g   c i r c u i t s   w i l l   be  r e s e t .   Bu t ,   i f   an  R  wave  i s .  

no t   s e n s e d   p r i o r   to  t h e   c o m p l e t i o n   of  the  A-V  i n t e r v a l ,   a 

v e n t r i c u l a r   p a c i n g   s t i m u l u s   w i l l   be  p r o v i d e d   in  r e s p o n s e   t o  

a  v e n t r i c u l a r   pace   i n i t i a t e   s i g n a l   at  the   end  of  the   A-V 

i n t e r v a l .   A  s e n s e d   R  wave  o c c u r r i n g   w i t h i n   the   p r o g r a m m e d  

l o w e r   r a t e   e s c a p e   i n t e r v a l   and  a f t e r   the   r e f r a c t o r y   p e r i o d  

s i n c e   the   l a s t   v e n t r i c u l a r   d e p o l a r i z a t i o n   or  s t i m u l a t i n g  

p u l s e ,   w i l l   be  p r o c e s s e a   by  the   d i g i t a l   c o n t r o l   and  l o g i c  

c i r c u i t   18  to  r e s t a r t   t h e   l o w e r   r a t e   t i m i n g   i n t e r v a l .  

The  above   modes   of  o p e r a t i o n   may  be  s e l e c t e d   b y  

the   p n y s i c i a n   to  c o n t o r m   t h e   o p e r a t i o n   of  the   p a c e m a k e r   t o  

the   p a t i e n t ' s   c o n d i t i o n   or  the   c o n d i t i o n   of  t he   a t r i a l   o r  

v e n t r i c u l a r   p a c i n g   l e a d s .   O r d i n a r i l y   i t   wou ld   be  e x p e c t e d  

t h a t   t he   p a c e m a k e r   w o u l d   be  l e f t   o p e r a t i n g   in  the   f u l l y  

a u t o m a t i c   d u a l   c h a m o e r   o r   DDD  mode,   w i t h   the   l o w e r   r a t e  

i n t e r v a l ,   A-V  t i m i n g   i n t e r v a l   and  o t h e r   p a r a m e t e r s   o f  

o p e r a t i o n   of  t he   d e v i c e   o e i n g   s e l e c t e d   and  p r o g r a m m e d   t o  

c o n f o r m   to  t he   p a t i e n t ' s   c o n d i t i o n .  

T u r n i n g   now  to  t h e   s p e c i f i c   e l e m e n t s   shown  i n  

FIG.  1,  the   a t r i a l   s e n s e   a m p l i f i e r   10  is  c o u p l e d   to  t h e  

a t r i a l   l e a d   26  and  t h e   p u l s e   g e n e r a t o r   28  t h r o u g h  

c o n d u c t o r s   36  and  38,   40  r e s p e c t i v e l y .   The  c o n d u c t o r s   36  

and  38  a r e   c o u p l e d   to  t h e   n e g a t i v e   and  p o s i t i v e   i n p u t  

t e r m i n a l s   of  d i f f e r e n t i a l   a m p l i f i e r   42  to  a  b a l a n c e d  

r e s i s t a n c e   and  c a p a c i t i v e   n e t w o r k   c i r c u i t   44  and  46  

c o n n e c t e d   b e t w e e n   the   i n p u t   and  o u t p u t   t e r m i n a l s   of  t h e  

d i f f e r e n t i a l   a m p l i f i e r   42.  The  d i f f e r e n t i a l   o u t p u t   s i g n a l  

of  the   a m p l i f i e r   42  is   c o u p l e d   to  a  r e v e r s i o n   c i r c u i t   48  

which   is  d e s i g n e d   to  d e t e c t   n a t u r a l   h e a r t   d e p o l a r i z a t i o n s  

in  the   p r e s e n c e   of  c o n t i n u o u s   n o i s e   s i g n a l s .   The  r e v e r s i o n  

c i r c u i t   48  r e s p o n c s   to  t h e   a m p l i f i e d   s i g n a l   to  p r o d u c e   a  P 

wave  o u t p u t   s i g n a l   w h i c h   is  a p p l i e d   to  the   i n p u t   t e r m i n a l  

50  of  t he   d i g i t a l   c o n t r o l   and  l o g i c   c i r c u i t   1 8 .  

A t r i a l   s e n s e   a m p l i f i e r   10  d e p i c t e d   in  FIG.  1  a l s o  

shows  a  p a i r   of  r e v e r s i o n   c a p a c i t o r s   62,  64  and  a  t r i m  



r e s i s t o r   66  c o u p l e d   to  t he   r e v e r s i o n   c i r c u i t   48.  T h e  

d i f f e r e n t i a l   a m p l i f i e r   42,  t he   r e v e r s i o n   c i r c u i t   48,  t h e  

b a t t e r y   m o n i t o r   56  and  g a i n   c o n t r o l   r e s i s t o r s   68  and  7 0  c a n  

be  p a c k a g e d   w i t h i n   a  l i n e a r   c i r c u i t   c h i p   71  c o u p l e d   t o  

s o u r c e   v o l t a g e   Vcc  and  s y s t e m   g r o u n d .   The  a t r i a l   s e n s e  

a m p l i f i e r   as  d e s c r i b e d   c o n f o r m s   s u b s t a n t i a l l y   to  t h a t  

d e p i c t e d   and  d e s c r i b e d   in  t he   a f o r e m e n t i o n e d   U . S .  

p a t e n t  N °   4 , 2 6 6 , 5 5 1 .  
T u r n i n g   to  the   v e n t r i c u l a r   s e n s e   a m p l i f i e r   12,  i t  

is  c o u p l e a   by  c o n d u c t o r s   40  and  72  to  t he   p u l s e   g e n e r a t o r  

c a s e   28  and  t h e   v e n t r i c u l a r   l e a d   30 ,   r e s p e c t i v e l y ,   and  a t  

i t s   o u t p u t   t e r m i n a l   74  to  the   d i g i t a l   c o n t r o l   and  l o g i c  

c i r c u i t   18.  The  v e n t r i c u l a r   s e n s e   a m p l i f i e r   c o n t a i n s   a  FET 

s w i t c h   a r r a y   76,   a  f i r s t   d i f f e r e n t i a l   a m p l i f i e r   78,  a  

s e c o n d   d i f f e r e n t i a l   a m p l i f i e r   80 ,   a  r e v e r s i o n   c i r c u i t   82,  a  

s e c o n d   b a t t e r y   m o n i t o r   c i r c u i t   84,  and  v a r i o u s   b i a s i n g   a n d  

f i l t e r i n g   c o m p o n e n t s .   In  g e n e r a l   t e r m s ,   the   v e n t r i c u l a r  

s e n s e   a m p l i f i e r   12  is   d e s i g n e d   to  d e t e c t   v e n t r i c u l a r  

d e p o l a r i z a t i o n s   and  to  a v o i d   d e t e c t i n g   a t r i a l   s t i m u l a t i n g  

p u l s e s   d e l i v e r e d   oy  the   a t r i a l   o u t p u t   s t a g e   14.  To  t h a t  

e n c ,   the   v e n t r i c u l a r   s e n s e   a m p l i f i e r   12  i s   p r o v i d e d   w i t h   a  

FET  s w i t c h   a r r a y   76  and  the   f i r s t   d i f f e r e n t i a l   a m p l i f i e r   78 

c o u p l e d   b e t w e e n   the   o u t p u t   t e r m i n a l s   28  and  30  and  t h e  

i n p u t   t e r m i n a l s   of  a  s e c o n d   d i f f e r e n t i a l   a m p l i f i e r   8 0 .  

In  g e n e r a l   t e r m s ,   t h e   FET  s w i t c h   a r r a y   7 6  

p o s s e s s e s   a  f i r s t   p a i r   of  s e r i e s   s w i t c h e s   of  t r a n s m i s s i o n  

g a t e s   c o n t r o l l e d   by  a  f i r s t   s w i t c h   s i g n a l   SV1  a t   t e r m i n a l  

88  and  a  s e c o n d   s w i t c h   s i g n a l   SV2  at  t e r m i n a l   86.  T h e  

t r a n s m i s s i o n   g a t e s   90  and  92  a r e   c o u p l e d   in  s e r i e s   w i t h   t h e  

p o s i t i v e   and  n e g a t i v e   i n p u t   t e r m i n a l s   of  d i f f e r e n t i a l  

a m p l i f i e r   78  and  the   t r a n s m i s s i o n   g a t e s   9 4 ' a n d   96  a r e  

c o u p l e d   in  p a r a l l e l   w i t h   g a i n   c o n t r o l   r e s i s t o r s   98  and  100  

c o u p l e d   b e t w e e n   t he   i n p u t   and  o u t p u t   t e r m i n a l s   of  a m p l i f i e r  

78.  O r a i n a r i l y ,   in  t he   a b s e n c e   of   s i g n a l s   SV1  and  SV2,  t h e  

g a t e s   90  and  92  a r e   c l o s e d   and  t h e   g a t e s   94  and  96  a r e  

o p e n .   T h u s ,   t h e   d i f f e r e n t i a l   a m p l i f i e r   78  is  o r d i n a r i l y  

c o u p l e d   to  s e r i e s   c o n n e c t e d   RC  f i l t e r   c i r c u i t s   79,  77  a n d  



t ne   c o n d u c t o r   72  and  40  to  the   v e n t r i c u l a r   l e a d   30  a n d  

p u l s e   g e n e r a t o r   c a s e   28  r e s p e c t i v e l y ,   and  the   g a i n   of  t h e  

d i f f e r e n t i a l   a m p l i f i e r   78  is  c o n t r o l l e d   by  the   v a l u e   of  t h e  

r e s i s t o r s   98  and  100.   T h u s ,   s i g n a l s   a p p e a r i n g   on  t h e  

c o n d u c t o r s   40  and  72  a r e   d i f f e r e n t i a l l y   a m p l i f i e d   in  t h e  

b a l a n c e   d i f f e r e n t i a l   a m p l i f i e r   78  and  c o u p l e d   to  RC 

c i r c u i t s   lU2  and  104  to  t he   s e c o n d   d i f f e r e n t i a l   a m p l i f i e r  

80.  As  in  t ne   a t r i a l   s e n s e   a m p l i f i e r   10,  t he   o u t p u t  

s i g n a l s   a re   c o u p l e d ·  t o   a  r e v e r s i o n   c i r c u i t   82  to  p r o v i d e   a n  

R  wave  a m p l i f i e r   o u t p u t   s i g n a l   at  the   t e r m i n a l   74  of   t h e  

d i g i t a l   c o n t r o l   and  l o g i c   c i r c u i t   1 8 .  

The  s i g n a l s   SV1  and  SV2  a r e   g e n e r a t e d   j u s t   p r i o r  

( e . g .   2  c l o c k   p u l s e s   e a r l i e r )   to  t he   g e n e r a t i o n   of  a n  

a t r i a l   p a c e   i n i t i a t e   p u l s e   PWA  w h i c h   is  d e l i v e r e d   to  t h e  

a t r i a l   o u t p u t   s t a g e   14.  The  s i g n a l s   SV1  and  SV2  a r e  

a p p l i e d   to  t he   t r a n s m i s s i o n   g a t e s   9 0 - 9 6   to  open  the   g a t e s  

90  and  92  and  c l o s e   t he   g a t e s   94  and  96  to  d i s c o n n e c t   t h e  

i n p u t   t e r m i n a l  o f   t he   d i f f e r e n t i a l   a m p l i f i e r   78  f rom  t h e  

c o n d u c t o r s   40  and  72  and  l o w e r   the  a m p l i f i e r ' s   g a i n   by  

s h o r t i n g   ou t   t he   r e s i s t o r s   98  and  100.   A f t e r   a  c e r t a i n  

i n t e r v a l ,   such   as  8  ms,  the   s i g n a l   SV1  c e a s e s ,   t h u s   r e s t o r i n g  

the   c o n n e c t i o n   of  t he   d i f f e r e n t i a l   a m p l i f i e r   78  to  t h e  

c o n a u c t o r s   40  and  72.  A  s h o r t   t ime   t h e r e a f t e r ,   such   as  3 . 9  

ms  l a t e r ,   t he   s i g n a l   SV2  c e a s e s   and  t he   f u l l   g a i n   of  t h e  

d i f f e r e n t i a l   a m p l i f i e r   78  is  r e s t o r e d .   T h i s   o p e r a t i o n  

i n s u r e s   t h a t   t h e   a t r i a l   o u t p u t   p u l s e   r e f l e c t e d   on  the   p u l s e  

g e n e r a t o r   c a s e   t e r m i n a l   and  t e r m i n a l   30  d o e s   no t   i t s e l f   c a u s e  

t he   v e n t r i c u l a r   s e n s e   a m p l i f i e r   to  m i s t a k e n l y   p r o d u c e   a n  

o u t p u t   p u l s e .  

The  r e v e r s i o n   c i r c u i t   82  a l s o   i n c l u d e s   c i r c u i t r y  

wh ich   upon  r e c e i v i n g   an  a p p r o p r i a t e   p r o g r a m m i n g   s i g n a l  

f rom  the  d i g i t a l   c o n t r o l   and  l o g i c   c i r c u i t   18  can  a d j u s t  

t he   s e n s i t i v i t y   of  t he   v e n t r i c u l a r   s e n s e   a m p l i f i e r   12 

t h r o u g h   a  s i g n a l   on  t e r m i n a l   106,   and  c i r c u i t r y   f o r  

r e s p o n d i n g   to  a  f u r t h e r   s w i t c h   s i g n a l   SV3  at  t e r m i n a l   108  

f o r   b l a n k i n g   the   v e n t r i c u l a r   s e n s e   a m p l i f i e r   12  f o l l o w i n g  

t ne   s e n s i n g   of  an  e a r l i e r   v e n t r i c u l a r   d e p o l a r i z a t i o n   or  t h e  



p r o d u c t i o n   of  a  v e n t r i c u l a r   p a c e   i n i t i a t e   s i g n a l .   T h e  

v e n t r i c u l a r   s e n s e   a m p l i f i e r   12  f u r t h e r   c o m p r i s e s   a  s e c o n d  

b a t t e r y   m o n i t o r i n g   c i r c u i t   84  f o r   p r o d u c i n g   a  s e c o n d  

e n d - o f - l i f e   s i g n a l   EOL2  a t   t e r m i n a l   110  when  s o u r c e   v o l t a g e  

Vcc  f a l l s   b e l o w   a  f u r t h e r   l o w e r   r e f e r e n c e   v o l t a g e   V r e f 2  

e s t a b l i s h e d   by  t h e   m o n i t o r i n g   c i r c u i t   84.  In  a d d i t i o n ,   t h e  

v e n t r i c u l a r   s e n s e   a m p l i f i e r   12  p o s s e s s e s   t h e   f i r s t   a n d  

s e c o n d   r e v e r s i o n   c i r c u i t   c a p a c i t o r s   114  and  1 1 6 ,  

s e n s i t i v i t y   t r i m m i n g   r e s i s t o r s   118  and  an  i n t e r f e r e n c e  

d e t e c t i n g   c i r c u i t   34  f o r   p r o d u c i n g   a  s i g n a l   SWE  a t   t e r m i n a l  

120  when  i n t e r f e r e n c e   c a u s e s   t h e   c a p a c i t o r   116  of  r e v e r s i o n  

c i r c u i t   82  to   b e c o m e   c h a r g e d   to   a  c e r t a i n   l e v e l .   T h e  

c o n t r o l   s i g n a l   SWE  a t   t e r m i n a l   120  i n d i c a t e s   to  t h e   d i g i t a l  

c o n t r o l   and  l o g i c   c i r c u i t   18  t h a t   i n t e r f e r e n c e   i s   p r e s e n t  

and  c a u s e s   i t   to   p r o v i d e   c e r t a i n  c o n t r o l   s i g n a l s   to   i n s u r e  

t h a t   t h e   r e v e r s i o n   c i r c u i t   82  d o e s   n o t   i t s e l f   f a l s e l y  

p r o d u c e   an  R  wave  o u t p u t   p u l s e   a t   t e r m i n a l   74  on  t h e  

r e s u m p t i o n   of  a p p l i e d   i n t e r f e r e n c e   s i g n a l s   f o l l o w i n g   t h e  

c o n n e c t i o n   of  t h e   d i f f e r e n t i a l   a m p l i f i e r   78  to   t e r m i n a l s   28 

and  30  in  t h e   m a n n e r   d e s c r i b e d   a b o v e .  

I t   i s   c o n t e m p l a t e d   t h a t   t h e  

f i r s t   and  s e c o n d   d i f f e r e n t i a l   a m p l i f i e r   78  and  80,  t h e  

r e v e r s i o n   c i r c u i t   82,  t he   b a t t e r y   m o n i t o r   c i r c u i t   84  a n d  

c e r t a i n   of  t h e   r e s i s t a n c e s   w o u l d   be  c o n s t r u c t e d   in   a  l i n e a r  

IC  c i r c u i t   122.   F i l t e r   and  b i a s   c i r c u i t   c o m p o n e n t s   75,   7 7 ,  

102,   104,   1.12,  118  a r e   s e l e c t e d   to   p r o v i d e   t h e   a p p r o p r i a t e  -  

f r e q u e n c y   r e s p o n s e   and  s p e c i f i c a t i o n   as  i s   w e l l   known  i n  

t h e   a r t .  

The  r e e d   s w i t c h   32  i s   shown  c o u p l e d   b e t w e e n  

t h e   i n p u t   t e r m i n a l   124  and  b a t t e r y   v o l t a g e   B+.  The  c l o s u r e   o f  

t h e   r e e d   s w i t c h   32  a p p l i e s   b a t t e r y   v o l t a g e   to   t he   t e r m i n a l  

124  and  a d d i t i o n a l   c o n t r o l   and  l o g i c   c i r c u i t   18  r e s p o n d s  



t h e r e t o   to  p e r f o r m   c e r t a i n   f u n c t i o n s   to  be  d e s c r i b e d   i n  

g r e a t e r   d e t a i l   l a t e r ,   and  to  the   RF  d e m o d u l a t o r   20  f o r  

e n a b l i n g   t h e   RF  d e m o d u l a t o r   20  to  d e m o d u l a t e   a p p l i e d   RF 

s i g n a l s   d e t e c t e d   in  the  t a n k   c i r c u i t   21  and  p r o d u c e   RF  d a t a  

o u t p u t   s i g n a l s   at  the   t e r m i n a l   1 2 6 .  

A l s o   shown  in  FIG.  1  is   a  c r y s t a l   o s c i l l a t o r   2 2  

f o r   p r o v i d i n g   the   p r i n c i p a l   or  f a s t   c l o c k   s i g n a l   f o r  

c o u n t i n g   o p e r a t i o n s   of  d i g i t a l   c o n t r o l   and  l o g i c   c i r c u i t  

1 8 .  

A  VCO  c i r c u i t   24  c o m p r i s i n g   a  v o l t a g e   c o n t r o l l e d  

o s c i l l a t o r   and  i t s   a s s o c i a t e d   t r i m m i n g   c o m p o n e n t s   w h i c h  

p r o v i d e s   t h e   c l o c k   f r e q u e n c y   f o r   the   o u t p u t   p u l s e   w i d t h s  

is  a l s o   shown  in  FIG.  1.  The  VCO  c i r c u i t   24,   u p o n  

r e c e i v i n g   a  VCO  ENABLE  s i g n a l   at   t e r m i n a l   130 ,   a p p l i e s   t h e  

VCO  o u t p u t   s i g n a l   to  the   t e r m i n a l   132  of  t he   d i g i t a l  

c o n t r o l   and  l o g i c   c i r c u i t   18,  the   f r e q u e n c y   of  the   VCO 

o u t p u t   s i g n a l   b e i n g   d e p e n d e n t   on  the   t h e n   p r e v a i l i n g   s o u r c e  

v o l t a g e   Vcc  and  the   d i g i t a l   c o n t r o l   and  l o g i c   c i r c u i t   18 

p r o d u c e s   t h e   VCO  ENABLE  s i g n a l   at  the   t e r m i n a l   130.   T h e  

VCO  c i r c u i t   24  r e s p o n d s   and  p r o v i d e s   the   VCO  OUT  s i g n a l   a t  

the   t e r m i n a l   132.  The  d i g i t a l   c o n t r o l   and  l o g i c   c i r c u i t   18 

r e s p o n d s   to  the   VCO  OUT  s i g n a l   to  e m p l o y   the   VCO  s i g n a l   a s  

a  t i m i n g   s i g n a l   in  t i m i n g   the   w i d t h s   of  t h e   a t r i a l   a n d  

v e n t r i c u l a r   pace   i n i t i a t e   s i g n a l s ,   t h e r e b y   e f f e c t i n g   a n  

i n c r e a s e   in  t he   w i d t h   of  t he   a t r i a l   and  v e n t r i c u l a r  

s t i m u l a t i n g   p u l s e s   from  the  w i d t h   p r o g r a m m e d   in  m e m o r y  
w i t h i n   t he   d i g i t a l   c o n t r o l   and  l o g i c   c i r c u i t   18.  A  g e n e r a l  

o p e r a t i o n   o f   the   VCO  c i r c u i t   24  and  the   d i g i t a l   c o n t r o l   a n d  

l o g i c   c i r c u i t   18  f o r   e f f e c t i n g   t h i s   mode  of  o p e r a t i o n   o f  

t he   d e v i c e   is   d e s c r i b e d   in  the   a f o r e m e n t i o n e d   U.S .   P a t e n t  

No.  4 , 2 3 0 , 1 2 0 .  

The  a t r i a l   and  v e n t r i c u l a r   o u t p u t   s t a g e s   14  a n d  

16  each  c o m p r i s e   d e f i b r i l l a t i o n   p r o t e c t i o n   d i o d e s   142  a n d  

144  and  an  o u t p u t   c a p a c i t o r   134  and  136  r e s p e c t i v e l y  

c o n n e c t e d   to  t he   a t r i a l   l e a d   t e r m i n a l   26  and  v e n t r i c u l a r   l e a d  

t e r m i n a l   30.   In  both   i n s t a n c e s ,   the   o u t p u t   c a p a c i t o r s   a r e  

c h a r g e d   to  b a t t e r y   v o l t a g e   B+  and  a re   d i s c h a r g e d  



t n r o u g h   t r a n s i s t o r   s w i t c h e s   (no t   shown)   w i t h i n   t he   a t r i a l  

o u t p u t   s t a g e   150  and  the   v e n t r i c u l a r   o u t p u t   s t a g e   1 5 2 ,  

r e s p e c t i v e l y ,   and  c o m m o n l y  t h r o u g h   t he   c o n d u c t o r   154  a n d  

ca se   t e r m i n a l   28  t h r o u g h   the   h e a r   t i s s u e   and  back   to  t h e  

t e r m i n a l s   26  and  30,  r e s p e c t i v e l y .   The  v e n t r i c u l a r   o u t p u t  

c a p a c i t o r   136  i s   r e c h a r g e d   t h r o u g h   c o n d u c t i o n   of  t r a n s i s t o r  

140  w h i l e   t h e   s t o r e d   o u t p u t   c a p a c i t o r   134  i s   r e c h a r g e d  

t h r o u g h   t h e   t r a n s i s t o r s   136,  146,  and  c a p a c i t o r   148  and  i n  

r e l a t i o n   to  t h e   v o l t a g e   on  r e f e r e n c e   c a p a c i t o r   149.  T h e  

r e c h a r g e   c y c l e   i s   u n d e r   the  c o n t r o l   of  a  f a s t   r e c h a r g e  

c o n t r o l   s i g n a l   FRV  d e v e l o p e d   by  t h e   d i g i t a l   c o n t r o l   a n d  

l o g i c   c i r c u i t   18  a t   t e r m i n a l   1 5 6 .  

The  p u l s e   w i d t h s   of  the   a t r i a l   and  v e n t r i c u l a r  

s t i m u l a t i n g   p u l s e s   a re   e s t a b l i s h e d   by  the   w i d t h s   of  t h e  

a t r i a l   and  v e n t r i c u l a r   o u t p u t   i n i t i a t e   s i g n a l s   PHA  and  PWV 

at  t e r m i n a l s   158  and  160  r e s p e c t i v e l y .   The  a t r i a l   a n d  

v e n t r i c u l a r   o u t p u t   s t a g e s   150  and  152  a r e   c o u p l e d   b e t w e e n  

r e g u l a t e d   s u p p l y   v o l t a g e   Vcc  and  s y s t e m   g r o u n d   t h r o u g h  

r e s p e c t i v e   b i a s i n g   c o m p o n e n t s   161  and  162  in   a  m a n n e r   w e l l  

known  in  t h e   a r t .  

The  d i g i t a l   c o n t r o l   and  l o g i c   c i r c u i t   18  i s  

d e p i c t e d   in  g r e a t e r   d e t a i l   in  FIG.  2.  In  g e n e r a l   t e r m s ,  

FIG.  2  s h o w s   t h e   c i r c u i t   c o m p o n e n t s   f o r   r e c e i v i n g   e x t e r n -  

a l l y   a p p l i e d   p r o g r a m m i n g   s i g n a l s   f o r   p r o g r a m m i n g   t h e   m o d e s  

and  p a r a m e t e r s   of   o p e r a t i o n   of  the   d i g i t a l l y   c o n t r o l l e d  

p a c e m a k e r   of  FIG.   1,  memory  s t o r a g e   f o r   s t o r i n g   t h e  

p r o g r a m m i n g   s i g n a l s ,   v a r i o u s   c o u n t i n g   c i r c u i t s   f o r   t i m i n g  

the   l o w e r   r a t e   e s c a p e   i n t e r v a l ,   t he   u p p e r   r a t e   m a x i m u m  

a l l o w e d   p a c i n g   r a t e ,   the   A-V  t ime   d e l a y ,   and  o t h e r  

i n t e r v a l s   f o r   s e t t i n g   the   p u l s e   w i d t h   d u r a t i o n   of  t h e  

a t r i a l   and  v e n t r i c u l a r   o u t p u t   i n i t i a t e   s i g n a l s   and  a t r i a l  

anc  v e n t r i c u l a r   s e n s e   a m p l f i i e r   s e n s i t i v i t i e s ,   a n d  

s w i t c h i n g   c i r c u i t r y   f o r   c o n t r o l l i n g   the   modes   of  o p e r a t i o n  



of  t h e   p a c e m a k e r .   The  c i r c u i t   of  FIG.   2  is  i m p l e m e n t e d   i n  

d i g i t a l   l o g i c   c o m p o n e n t s   and  c i r c u i t s   of  s a i d   t ype   shown  i n  

t h e   a f o r e m e n t i o n e d   U.S.   P a t e n t   No.  4 , 2 3 0 , 1 2 0 .   D i s t i n c t i o p s  

a r i s e   from  the  f a c t   t h a t   t he   c i r c u i t   d i s c l o s e d   in  t h a t  

a p p l i c a t i o n   is  i n t e n d e d   f o r   c o n t r o l   of  a  v e n t r i c u l a r   d e m a n d  

or   VVI  mode  p a c e m a k e r ,   and  the   p r e s e n t   i n v e n t i o n   i s  

i m p l e m e n t e d   in  t he   c o n t e x t   of  a  p r o g r a m m a b l e ,   f u l l y  

a u t o m a t i c   dua l   c h a m b e r   p a c e m a k e r   n o r m a l l y   o p e r a b l e   in  t h e  

DDD  m o d e .  

R e f e r r i n g   to  FIG.  2  in  g r e a t e r   d e t a i l ,   the  32  kHz  

c r y s t a l   o s c i l l a t o r   t r e q u e n c y   is  a p p l i e d   at   t e r m i n a l   128  t o  

a  f r e q u e n c y   d i v i d e r   c i r c u i t   200  w h i c h   p r o d u c e s   a  512  Hz 

s l o w   c l o c k   s i g n a l   at  t e r m i n a l   202  and  a  4  kHz  d e c o d i n g  

s i g n a l   at   t e r m i n a l   204.   The  4  kHz  s i g n a l   is  a p p l i e d   to  t h e  

p r o g r a m   p u l s e   d e c o d e r   210  w h i c h   d e c o d e s   i n c o m i n g   RF  s i g n a l s  

a p p e a r i n g   at  t e r m i n a l   126  to  s e p a r a t e   l o g i c   1  and  l o g i c   0 

s i g n a l s   from  one  a n o t h e r .   The  p r o g r a m   p u l s e   d e c o d e r   2 1 0  

a p p l i e s   the   d e c o d e d   d a t a   s i g n a l s   to  t he   D  i n p u t   t e r m i n a l   o f  

t h e   s h i f t   r e g i s t e r   212  and  a  c l o c k i n g   s i g n a l   to  the   C  i n p u t  

t e r m i n a l   of  the  s h i f t   r e g i s t e r   212.   The  s h i f t   r e g i s t e r   2 1 2  

a c c u m u l a t e s   the  a e c o d e d   d a t a   s i g n a l s   and  p e r f o r m s   p a r i t y  

c h e c k i n g   to  a s s u r e   t h a t   the   s e r i a l l y   r e c e i v e d   i n c o m i n g   d a t a  

s i g n a l s   c o m p r i s e   p r o p e r l y   f o r m e d   p r o g r a m m i n g   w o r d s .  

The  c l o c k   f r e q u e n c y   c i r c u i t   and  t he   c o n t e n t   a n d  

f o r m a t   of  the   r e c e i v e d   d a t a   w o r d s   a r e   s i m i l a r   to  t h a t  

d e s c r i b e d   in  the   a f o r e m e n t i o n e d   P a t e n t   No.  4 , 2 3 0 , 1 2 0 .   I n  

g e n e r a l   t e r m s ,   the   d e c o d e d   d a t a   s i g n a l   at  t e r m i n a l   D  o f  

s h i f t   r e g i s t e r   212  is  a  s e r i e s   of  33  p u l s e   s i g n a l s  

s e p a r a t e d   by  s h o r t   and  l o n g  

i n t e r v a l s   d e f i n i n g   32  l o g i c   1  or  l o g i c   0  d a t a   b i t s .   The  32 

b i t   d a t a   woras   c o n s i s t s   of  f o u r   p a r t s ,   e ach   of  wh ich   i s   8 

b i t s   in  l e n g t h .   The  f o u r   p a r t s   a re   t he   p a r a m e t e r   c o d e ,  

d a t e   or  v a l u e   c o a e ,   a c c e s s   code  and  p a r i t y   code   and  a r e  

g e n e r a t e d   in  t h a t   o r d e r ,   the   l e a s t   s i g n i f i c a n t   b i t   f i r s t .  

The  p a r a m e t e r   p o r t i o n   of  t he   d a t a   s i g n a l   d e f i n e s   one  o f  

s e v e r a l   p a r a m e t e r s   ( i n c l u d i n g   modes  of  o p e r a t i o n )   to  b e  

m o d i f i e d   and  w h e t h e r   t h a t   m o d i f i c a t i o n   is  to  be  in  a  



t e m p o r a r y   or  p e r m a n e n t   m a t t e r ,   if   t h a t   c h o i c e   is  a v a i l a b l e .  

The  s e v e r a l   p a r a m e t e r s   i n c l u d e   "mode"  c o m p r i s i n g   t h r e s h o l d  

c h e c k   mode,  t h e   f u l l y   i n h i b i t e d   mode,   t h e   DDD  mode ,   t h e   D v ;  

mode,   the   VDT/I   m o d e ,   the   VVI  mode,   the   s e n s i t i v i t i e s   o f  

the   s e n s e   a m p l i f i e r s ,   t h e   A-V  p e r i o d ,   t h e   l o w e r   p a c i n g  

r a t e ,   and  the  u p p e r   p a c i n g   r a t e ,   the   a t r i a l   and  v e n t r i c u l a r  

s t i m u l a t i o n   p u l s e   w i d t h s . .   Of  t h e s e   p a r a m e t e r s ,   t h e   i n h i b i t  

ana  t h r e s h o l d   c h e c k   p a r a m e t e r s   can  o n l y   be  done   in  a  

t e m p o r a r y   mode  w h e r e a s   a l l   the   o t h e r s   can  e i t h e r   b e  

p e r m a n e n t l y   or  t e m p o r a r i l y   p r o g r a m m e d .   The  p r o g r a m m i n g  

p a r a m e t e r   code  and  v a l u e   c o d e s   are   s i m i l a r   to  b u t   n o t  

n e c e s s a r i l y   t h e   same  as  t h o s e   s e t   f o r t h   in  t h e  

a f o r e m e n t i o n e d   U.S .   P a t e n t   No.  4 , 2 3 0 , 1 2 0 ,   and  in  any  e v e n t  

can  be  a r b i t r a r i l y   s e l e c t e d   by  t h o s e   s k i l l e d   in  t h e   a r t .  

The  a c c e s s   code   w i l l ,   of  c o u r s e ,   d i f f e r   f r o m   c o d e s   e m p l o y e d  

to  p r o g r a m   the   p u l s e   g e n e r a t o r   t y p e s .   I t   w i l l   be  n o t e d  

t h a t   in  the  c o n t e x t   of  a  d u a l   c h a m b e r   p a c e m a k e r ,   i t   w i l l  o f  

c o u r s e   be  n e c e s s a r y   to  i n c r e a s e   the   t o t a l   n u m b e r   of  s e r i a l  

t r a n s m i s s i o n s   of   t h e   32  b i t   word  d a t a   to  e f f e c t   p r o g r a m m i n g  

o f ,   f o r   e x a m p l e ,   t he   s e n s i t i v i t y   of  the   a t r i a l   a n d  

v e n t r i c u l a r   s e n s e   a m p l i f i e r s .  

The  s h i f t  r e g i s t e r   212  c o n t a i n s   e i g h t   a c c e s s   c o d e  

s t o r i n g   s t a g e s ,   a c c e s s   d e c o d i n g   and  p a r i t y   b i t   c h e c k i n g  

l o g i c   c i r c u i t r y   f o r   i n s u r i n g   t h a t   t he   a c c e s s   code   is   c o r -  

r e c t   and  t h a t   t h e   p r o g r a m   word  p o s s e s s e s   p r o p e r   p a r i t y ,  

f i v e   p a r a m e t e r   code   s h i f t   r e g i s t e r   s t a t e s   f o r   s t o r i n g   t h e  

f i v e   most   s i g n i f i c a n t   b i t s   of  the   e i g h t   b i t   p a r a m e t e r   c o d e  

( t h e   f i r s t   t h r e e   b i t s   of   the   e i g h t   b i t   p a r a m e t e r   code   a r e  

no t   used  w h a t s o e v e r   and  a re   a l w a y s   g e n e r a t e d   as  l o g i c   0 

b i t s ) ,   and  e i g h t   d a t a   or  v a l u e   code  s t o r a g e   s h i f t   r e g i s t e r  

s t a g e s   f o r   s t o r i n g   e i g h t   b i t s   wh ich   d e f i n e   a  p a r t i c u l a r  

v a l u e   f o r   the  p a r a m e t e r   s e l e c t e d .   Ten  f u r t h e r   s t o r a g e  

r e g i s t e r   s t a g e s   and  l o g i c   c i r c u i t r y   c o u p l e d   p a r a m e t e r s   a n d  

d a t a   s t o r a g e   s t a g e s   and  c e r t a i n   s t a g e s   of  memory  214  e f f e c t  

t he   t r a n s f e r   o f   t h e   p a r a m e t e r s ,   e . g . ,   t he   mode ,   l o w e r   r a t e ,  

A-V  i n t e r v a l ,   u p p e r   r a t e ,   a t r i a l   p u l s e   w i d t h ,   v e n t r i c u l a r  

p u l s e   w i d t h ,   t e m p o r a r y   a t r i a l   and  v e n t r i c u l a r   p u l s e   w i d t h  



and  a t r i a l   and  v e n t r i c u l a r   s e n s e   a m p l i f i e r   s e n s i t i v i t i e s .  

A  " m a s t e r "   p o r t i o n   of  e a c h   word  is  a c c e p t e d   i n  

memory  214  when  t he   a c c e s s   code  and  p a r i t y   c h e c k   a r e . f o u n d  

v a l i d   and  a l l   32  b i t s   of  t he   p r o g r a m   word  is  r e c e i v e d .  

F u r t h e r   p r o g r a m   t r a n s f e r   l o g i c   c i r c u i t r y   w i t h i n   t he   s h i f t  

r e g i s t e r   212  a f f e c t s   the   s h i f t i n g   of  t he   p a r a m e t e r   d a t a  

from  the   s h i f t   r e g i s t e r   212  to  t h e   " m a s t e r "   r e g i s t e r   of  t h e  

memory  214  i n  ' t h e   p e r m a n e n t   or  t e m p o r a r y   p r o g r a m m i n g   m o d e s  

d e s c r i b e d   h e r e i n b e f o r e .   On  a c c e p t a n c e   of  t he   t r a n s f e r r e d  

word ,   the   s h i f t   r e g i s t e r   s t a g e s   of  s h i f t   r e q i s t e r   212  a r e  

v e r i f i e d   to  a c c e p t   the   s u b s e q u e n t l y   a p p l i e d   p r o g r a m m i n g  

s i g n a l .   T h r o u g h   s e r i a l   a p p l i c a t i o n   of   t he   p r o g r a m m i n g  

s i g n a l s ,   a l l   p a r a m e t e r s   and  p a r a m e t e r   v a l u e s   a re   s t o r e d  

w i t h i n   t he   memory  2 1 4 ,   e x c e p t   t h a t   (1)  i f   the   p a r a m e t e r   i s  

"mode"  and  t he   v a l u e   is  " i n h i b i t " ,   t h e n   the   word  is  n o t  

t r a n s f e r r e d   bu t   is  a p p l i e d   to  t he   c i r c u i t   to  i n h i b i t   a l l  

o p e r a t i o n s ;   and  (2)  i f   the   p a r a m e t e r   is  " s e n s i t i v i t y "   a n d  

t h e   v a l u e   code   c o n t a i n s   t he   i n d i c a t o r   "new  v a l u e " ,   t h e n  

o n l y   tne  word  can  be  t r a n s f e r r e d .  

The  memory  214  c o n t a i n s   a d d r e s s   d e c o d e   l o g i c  

c i r c u i t r y ,   m a s t e r   memory  r e g i s t e r   215  and  s l a v e   m e m o r y  

r e g i s t e r   217 .   Each  d e c o d e d   p r o g r a m m i n g   word  from  s h i f t  

r e g i s t e r   212  is  t r a n s f e r r e d   i n t o   t he   m a s t e r   r e g i s t e r   2 1 5 .  

T r a n s f e r   of  a l l   c o n t e n t s   of  t he   m a s t e r   r e g i s t e r   215  i n t o  

t he   s l a v e   r e g i s t e r   217  o c c u r s   o n l y   when  the   l a s t   w o r d ,  

i n d i c a t e d   by  a  p a r t i c u l a r   p a r a m e t e r   c o d e ,   has  been   s t o r e d  

in  m a s t e r   p o r t i o n   215 ,   a l l   t he   s t o r e d   words   p o s s e s s e d   t h e  

v a l i d   a c c e s s   code   and  s a t i s f i e d   t he   p a r i t y   c h e c k ,   and  a 

v e n t r i c u l a r   p a c i n g   o u t p u t   p u l s e   o c c u r s   a f t e r   t he   l a s t   w o r d  

and  b e f o r e   r e c e i p t   of  any  f u r t h e r   w o r d s .  

The  m a s t e r   and  s l a v e   r e g i s t e r s   a l s o   p e r f o r m   t h e  

f u n c t i o n   of  t e m p o r a r y   and  p e r m a n e n t   memory  in  t he   m a n n e r  

d e s c r i b e d   in  t h e   a t o r e m e n t i o n e d   U.S .   P a t e n t   No.  4 , 2 3 0 , 1 2 0  

f o r   s t o r i n g   the   v a r i o u s   p a r a m e t e r s   and  p a r a m e t e r   v a l u e s  

p r e v i o u s l y   d e s c r i b e d   and  e f f e c t i n g   t h e   o p e r a t i o n   of  t h e  

d i g i t a l   c o n t r o l   and  l o g i c   c i r c u i t   18  a c c o r d i n g l y .   S e p a r a t e  



memory  s t a g e s   a re   d e v o t e d   to  the  s e n s i t i v i t y   of  a t r i a l   a n d  

v e n t r i c u l a r   s e n s e   a m p l i f i e r s ,   the  p r o g r a m m a b l e   u p p e r   r a t e s ,  

t he   p r o g r a m m a b l e   l o w e r   r a t e   or  b a s i c   e s c a p e   i n t e r v a l ,   t h e  

a t r i a l   and  v e n t r i c u l a r   s t i m u l a t i o n   p u l s e   w i d t h s ,   t he   A-V 

d e l a y   i n t e r v a l s ,   and  d a t a   s i g n i f y i n g   the   mode  of  o p e r a t i o n   o f  

t ne   d e v i c e   f rom  among  the   v a r i o u s   modes  p r e v i o u s l y   m e n t i o n e d .  

The  memory   214  f u r t h e r m o r e   p o s s e s s e s   a  h a r d   w i r e d   l o w e r   r a t e  

f o r   VVI  mode  t h a t   c o n s t i t u t e s   a  b a s i c   s a f e t y   r a t e   s h o u l d   t h e  

p o w e r   s o u r c e   e n e r g y   m o m e n t a r i l y   d ip   be low  t h e   c i r c u i t s  

minimum  o p e r a t i n g   r e q u i r e m e n t s   and  a l s o   f o r   use   as  one  of  t h e  

e n d - o f - l i f e   t e s t   r a t e s .   Thus ,   the   p u l s e   g e n e r a t o r   w i l l  

o p e r a t e   in  a  VVI  mode  at  a  p r e d e t e r m i n e d   r a t e ,   f o r   e x a m p l e ,  

65  b e a t   pe r   m i n u t e ,   and  at  a  p r e d e t e r m i n e d   p u l s e   w i d t h   i f  

e i t h e r   c o n d i t i o n   e x i s t s .   The  EOL2  s i g n a l   is  a p p l i e d   a t  

t e r m i n a l   110  to  t he   memory  214  and,   u n d e r   c e r t a i n  

c i r c u m s t a n c e s   of  o p e r a t i o n   to  be  d e s c r i b e d ,   i t s   p r e s e n c e  

c a u s e s   t he   h a r d   w i r e d   s a f e t y   r a t e   to  be  s u b s t i t u t e d   f o r   t h e  

p r o g r a m m e d   r a t e   upon  m a g n e t   mode  t e s t i n g   of  t h e   b a t t e r y  

d e p l e t i o n .  

The  l o w e r   r a t e   d a t a   is  t r a n s f e r r e d   by  bus  l i n e  

from  the   memory  214  to  the   R-R  or  l o w e r   r a t e   c o u n t e r   2 1 6 .  

The  A-V  I n t e r v a l   d a t a   is  t r a n s f e r r e d   by  bus  to  t he   P-R  c o u n t -  

er   218  and  to  t he   R-R  c o u n t e r   216.  The  u p p e r   r a t e   d a t a   i s  

t r a n s f e r r e d   f rom  the   memory  214  to  the   u p p e r   r a t e   c i r c u i t  

220.   The  p u l s e   w i d t h   d a t a ,   PDA  and  PDV  f o r   t h e   c o n t r o l   o f  

the   a t r i a l   and  v e n t r i c u l a r   p u l s e   w i d t h s   is  a p p l i e d   by  b u s  

l i n e s   f rom  tne   memory  214  to  the   p u l s e   w i d t h   c o n t r o l   c i r c u i t  

224.   The  u p p e r   r a t e   c o u n t e r   220  is  c o u p l e d   by  a  bus  l i n e   t o  

t he   PVC  a c c e p t a n c e   c i r c u i t   226.  The  R-R  i n t e r v a l   c o u n t e r   216 

c o m p r i s e s   a  t en   s t a g e   s h i f t   r e g i s t e r   c o u n t e r   at   l e a s t   e i g h t  

s t a g e s   of  w h i c h   a r e   c o u p l e d   t h r o u g h   d e c o d i n g   l o g i c   c i r c u i t r y  

to  the   memory  s t a g e s   of  the   memory  214  w h i c h   s p e c i f y   t he   p r o -  

g rammed  l o w e r   r a t e   v a l u e s   and  the  A-V  v a l u e s .   The  R-R  c o u n t -  

er  s t a g e s   c o n s t i t u t e   t h e r e f o r e   a  p r e s e t t a b l e   down  c o u n t e r ,  
w h i c h   i s   d o w n c o u n t e d   u n d e r   the  c o n t r o l   of  t h e   512  Hz  s l o w  

c l o c k   f r e q u e n c y   or  u n d e r   the   c o n t r o l   of  a  m a g n e t   a c t u a t e d  

c l o c k   f r e q u e n c y   of  a p p r o x i m a t e l y   551  Hz  when  t h e   s a f e t y  



m a r g i n   i n d i c a t o r   (SMI)  c o u n t e r   230  is  a c t i v a t e d   by  the   r e e d  

s w i t c h   c l o s u r e .   The  SMI  c o u n t e r   230  a l t e r s   t he   n u m b e r   o f  

s t a g e s   o f  d i v i d e r   200  to  c h a n g e   t h e   s low  c l o c k   f r e q u e n c y   t o  

551  Hz  u n t i l   i t   c o u n t s   t h r e e   VPT  o u t p u t s   of  t he   R-R  c o u n t e r .  

Tne  c l o c k   f r e q u e n c i e s   d o w n c o u n t   t h e   l o a d e d   c o u n t e r   u n t i l   a 

f i r s t   c o u n t   i s   r e a c h e d   w h i c h ,   when  d e c o d e d ,   p r o v i d e s   a n  

a t r i a l   p u l s e   t r i g g e r   s i g n a l   APT  and  u n t i l   a  s u b s e q u e n t   s e c o n d  

c o u n t   is  r e c o r d e d   w h i c h ,   when  d e c o d e d ,   p r o v i d e s   a  v e n t r i c u l a r  

p u l s e   t r i g g e r   s i g n a l   VPT.  T h e s e   s i g n a l s   APT  and  VPT  a r e  

a p p l i e d   to  t h e   P-R  c o u n t e r   218  and  t he   mode  s w i t c h   2 2 2 .  

Thus  d u r i n g   o p e r a t i o n   of  t he   SMI  c o u n t e r   200 ,   t h e  

p a c i n g   r a t e   i s   i n c r e a s e d   by  10  p e r c e n t   to  i n d i c a t e   c l o s u r e  

of  t he   r e e d   s w i t c h .   The  SMI  o p e r a t i o n   is  t h e r e f o r e   s i m i l a r  

to  t h a t   d e s c r i b e d   in  g r e a t e r   d e t a i l   in  the   a f o r e m e n t i o n e d  

U.S.   P a t e n t   No.  4 , 2 3 0 , 1 2 0 .  

The  P-R  c o u n t e r   2 1 8 ' i s   an  up  c o u n t e r   t h a t   c o u n t s  

t h e   512. Hz  s l o w   c l o c k   s i g n a l   f r o m   z e r o   to  t he   by  A-V  d a t a  

c o u n t   in  memory  214.   U p c o u n t i n g   c o m m e n c e s   when  t he   s i g n a l  

PSV  is  r e c e i v e d   from  mode  s w i t h   222  or  t he   s i g n a l   APT  i s  

r e c e i v e d   by  t h e   PR  c o u n t e r   213  and  c e a s e s   when  t he   c o u n t  

r e a c h e s   a  p r e s e l e c t e d   number   or  t h e   c o u n t e r s   a r e   r e s e t   by  a  

s e n s e d   R  w a v e .  

The  mode  s w i t c h   222  a l s o   r e c e i v e s   t he   s i g n a l   APT 

and  VPT  and  t h e   mode  d a t a   s i g n a l s   on  a  bus  l i n e   f rom  m e m o r y  

214.   The  mode  s i g n a l  d a t a   s e t s   t he   l o g i c   and  s w i t c h i n g  

c i r c u i t s   in  t h e   mode  s w i t c h   222  to  t h e   modes  p r e v i o u s l y  

d e s c r i b e d .   A s s u m i n g   t h a t   the   memory  214  is   p r o g r a m m e d   i n t o  

t h e   DDD  mode,   f o r   e x a m p l e ,   t h e   mode  s w i t c h   222  r e s p o n d s   t o  

the   s i g n a l s   APT  and  VPT  to  p r o d u c e   the   P  p a c e   and  R  p a c e  

s i g n a l s   t h a t   a r e   a p p l i e d   to  t he   p u l s e   d u r a t i o n   c o u n t e r   2 2 4 .  

The  p u l s e   d u r a t i o n   c o u n t e r   224  r e s p o n d s   to  the  P  p a c e   s i g n a l  

and  t he   a t r i a l   p u l s e   d u r a t i o n   d a t a   s i g n a l   PDA  to  p r o d u c e   t h e  

a t r i a l   o u t p u t   i n i t i a t e   s i g n a l   PWA  at   t e r m i n a l   158  a n d  

s i m i l a r l y   r e s p o n d s   to  the   R  p a c e   s i g n a l   at  t he   v e n t r i c u l a r  

p u l s e   d u r a t i o n   d a t a   s i g n a l   DDD  to  p r o d u c e   the   v e n t r i c u l a r  

o u t p u t   i n i t i a t e   s i g n a l   PWV  at  t h e   t e r m i n a l   1 6 0 .  



The  o u t p u t   i n i t i a t e   s i g n a l s   PWA  and  PWV  p o s s e s s   t h e   p u l s e  

w i d t h   s i g n i f i e d   by  t he   p r o g r a m m e d   p u l s e   d u r a t i o n   s i g n a l s  

PDA  and  PDV.  In  o t h e r   p r o g r a m m a b l e   modes  e i t h e r   P  p a c e  o r  

the   R  pace   s i g n a l s   a r e   p r o d u c e d   a c c o r d i n g   to  t h e   m o d e  

i n a i c a t e d   by  the   memory  mode  d a t a .   The  mode  s w i t c h   2 2 2  

a l s o   p r o v i d e s   s i g n a l s   PSE  and  RSE  t h a t   e n a b l e   or  d i s a b l e  

the   a t r i a l   and  v e n t r i c u l a r   s e n s e   a m p l i f i e r s   10  and  1 2 .  

Under   c e r t a i n   c i r c u m s t a n c e s ,   the   o u t p u t   i n i t i a t e  

s i g n a l s   PWA  and  PWV  may  p o s s e s s   d u r a t i o n s   t h a t   d e v i a t e   f r o m  

the   p r o g r a m m e d   p u l s e   d u r a t i o n   s i g n a l s .   T h i s   can  o c c u r   w h e n  

the   b a t t e r y   or  p o w e r   s o u r c e   d e p l e t e s   in  e n e r g y .   The  VCO  24 

(FIG.  1)  a u t o m a t i c a l l y   c h a n g e s   i t s   f r e q u e n c y   w i t h   t h e  

s o u r c e   v o l t a g e ,   t h a t   i s ,   i t   d e c r e a s e s   as  t he   v o l t a g e  

d e c r e a s e s .   The  VCO  o u t p u t   s i g n a l   at  t e r m i n a l   132  (F IG .   1) 

is  c o u p l e d   to  t h e   PD  c o u n t e r   224  (FIG.  2)  and  p r o v i d e s   i t s  

c l o c k   s i g n a l .   T h u s ,   as  t he   f r e q u e n c y   s l o w s ,   t h e   t i m e  

i n t e r v a l   n e c e s s a r y   to  a c h i e v e   t he   PDA  or  PDV  c o u n t  

i n c r e a s e s ,   t h e r e b y   w i d e n i n g   the   o u t p u t   i n i t i a t e   p u l s e s   PWA 

and  PWV.  T h i s   o p e r a t i o n   i s   a g a i n   l i k e   t h a t   d e s c r i b e d   i n  

the  a f o r e m e n t i o n e d   U .S .   P a t e n t   No.  4 , 2 3 0 , 1 2 0 .  

The  PVC  a c c e p t a n c e   c i r c u i t   226  r e s p o n d s   t o  

p r e m a t u r e   v e n t r i c u l a r   c o n t r a c t i o n s   s e n s e d   w i t h i n   t h e  

v e n t r i c u l a r   e s c a p e   i n t e r v a l   of  the   R-R  c o u n t e r   to  p r o v i d e  

an  o u t p u t   s i g n a l   to  r e s e t   t h e   R - R  c o u n t e r   t i m i n g .   T h e  

c i r c u i t   226  a l s o   r e s p o n d s   to  t he   a t r i a l   and  v e n t r i c u l a r  

p a c i n g   e v e n t s   (P  p a c e   and  R  p a c e )   d e v e l o p e d   by  t h e   m o d e  

s w i t c h   222  and  t h e   a t r i a l   and  v e n t r i c u l a r   s e n s e   s i g n a l s   PSV 

and  RSV  to  p r o v i d e   t h e   v e n t r i c u l a r   s e n s e   a m p l i f i e r   12  

r e f r a c t o r y   p e r i o d .   The  r e f r a c t o r y   p e r i o d   is   d e c o d e d   by  t h e  

c i r c u i t   226  f rom  the   c o u n t   on  the   u p p e r   r a t e   c o u n t e r   2 2 0 ,  

and  is  o r d i n a r i l y   233  ms  a f t e r   a  paced   or  s e n s e d  

v e n t r i c u l a r   e v e n t .   B u t ,   i f   a  PVC  is  s e n s e d   and  t r i g g e r s  

c i r c u i t   226,   t n e n   t h e   u p p e r   r a t e   c o u n t e r   c o u n t   is   d e c o d e d  

to  p r o v i d e   a  342  ms  r e f r a c t o r y   p e r i o d .  

In  a d d i t i o n ,   i f   a  P  wave  is  s e n s e d   (PSV  s i g n a l )  

f o l l o w i n g   two  s u c c e s s i v e   s e n s e d   R  waves  ( two  RSV  s i g n a l s )  

or  v e n t r i c u l a r   o u t p u t   p u l s e s   (R  pace  s i g n a l s )   or  f o l l o w i n g  



an  R  pace   and  RSV  s i g n a l ,   t h e n   t h e   c i r c u i t   226  f u r t h e r  

e s t a b l i s h e s   a  342  ms  A-V  d e l a y   i n t e r v a l   commenced  on  t h e  

s u b s e q u e n t l y   s e n s e d   a t r i a l   d e p o l a r i z a t i o n .   T h i s  

p r o l o n g a t i o n   is   e m p l o y e d   to  p r e v e n t   a  v e n t r i c u l a r   o u t p u t  

p u l s e   t r i g g e r e d   by  a  s e n s e d   P - w a v e   f rom  p o s s i b l y   f a l l i n g  

w i t h i n   the  h e a r t ' s   v u l n e r a b l e   zone   f o l l o w i n g   the  p r e c e d i n g  

p r e m a t u r e   v e n t r i c u l a r   c o n t r a c t i o n .   T h i s   o p e r a t i o n   i s  

- f u r t h e r   d e s c r i b e d   in  my  commonly   a s s i g n e d   c o p e n d i n g   U . S .  

P a t e n t   A p p l i c a t i o n   S e r i a l  ?   2 3 5 , 2 3 2 , f i l e d   17  F e b r u a r y ,   1 9 8 1 .  

W h e n e v e r   the   R - r e f r a c t o r y   is   r e t r i g g e r e d   f o r   3 4 2  

ms,  t he   A-V  c o u n t e r   is  a l s o   d i s a b l e d   f o r   342  ms  ( b i g e m i n y  

A-V  d i s a b l e ) .   In  c a se   the  d e v i c e   i s   p r o g r a m m e d   to  VVI  o r  

DVI  mode,   v e n t r i c u l a r   a m p l i f i e r   o u t p u t s   a f t e r   v e n t r i c u l a r  

b l a n k i n g   and  b e f o r e   r e f r a c t o r y   e n d s   c a u s e   a n o t h e r   125  ms  

v e n t r i c u l a r   b l a n k i n g   t i m e r   and  t h e   v e n t r i c u l a r   r e f r a c t o r y  

p e r i o d   to  be  s e t   a g a i n   to  233  ms.  Thus   the   d i g i t a l  

r e v e r s i o n   window  w i l l   be  e q u a l   to  108  m s .  

T h i s   p a c e m a k e r   as  d e s c r i b e d   h e r e i n b e f o r e   h a s  

s e n s e   a m p l i f i e r s   10,  12  and  p u l s e   o u t p u t   c i r c u i t s   14,  16 

f o r   c o n n e c t i o n   to  bo th   the  v e n t r i c l e   and  a t r i u m .   Two 

u n i p o l a r   e l e c t r o d e s   a re   c o u p l e d   to  t e r m i n a l s   26  and  30  a n d  

the   can  28  of  t he   p u l s e   g e n e r a t o r   s e r v e s   as  a  common 

i n d i f f e r e n t   e l e c t r o d e .   Tne  d e v i c e   can  be  p r o g r a m m e d   t o  

o p e r a t e   in  t he   DDD,  DVI,  VDT/I  and  VVI  mode ,   but   may  h a v e  

n u m e r o u s   r e s u l t a n t   modes  d e p e n d i n g   on  t he   p r o g r a m m i n g   o f  

t h e   o u t p u t   p u l s e   w i d t h s   and  a m p l i f i e r   s e n s i t i v i t i e s   and  o n  

t h e   n a t u r a l   u n d e r l y i n g   h e a r t   r h y t h m .   Such  r e s u l t a n t   m o d e s  

can  i n c l u d e   D A T / I ,   DVI,  DOO,  AOO,  VOO,  VAT,  AVI,  AAI,  A D T / I  

and  0 0 0 .  

In  t h e   DDD  mode,  t he   p r o g r a m m a b l e   l o w e r   r a t e  

e s t a b l i s h e s   t he   r a t e   at  which   t h e   p u l s e   g e n e r a t o r   w i l l   p a c e  
i f   no  P  or  R  waves   a re   s e n s e d .   At  t h i s   r a t e   the  o p e r a t i o n  

is   A-V  s e q u e n t i a l   and  the   i n t e r v a l   b e t w e e n   a t r i a l   a n d  

v e n t r i c u l a r   o u t p u t s   ( t h e   A-V  i n t e r v a l )   is  p r o g r a m m a b l e .  

If   a  P - w a v e   is  s e n s e d ,   i t   w i l l   i n h i b i t   an  a t r i a l  

p a c i n g   o u t p u t   and  t r i g g e r   the   A-V  i n t e r v a l   c i r c u i t r y .   I f  

an  R-wave   is  s e n s e d   p r i o r   to  t he   c o m p l e t i o n   or  the   A - V  



i n t e r v a l ,   the  v e n t r i c u l a r   p a c i n g   o u t p u t   is  i n h i b i t e d   a n d  

a l l   t i m i n g   c i r c u i t s   w i l l   be  r e s e t .   I f   an  R-wave   is   n o t  

s e n s e d   p r i o r   to  t h e   c o m p l e t i o n   of  t h e   A-V  i n t e r v a l ,   a  

v e n t r i c u l a r   p a c i n g   o u t p u t   w i l l   o c c u r   at  the   end  of  t h e  

d e l a y .  

A f t e r   an  a t r i a l   e v e n t   ( s e n s e d   P - w a v e   or  a t r i a l  

p a c i n g   o u t p u t )   t h e   a t r i a l   a m p l i f i e r   is   b l a n k e d .   T h e  

v e n t r i c u l a r   a m p l i f i e r   12  is   a l s o   b l a n k e d   f o r   15,  6  m s  .  

( v e n t r i c u l a r   b l a n k i n g )   a f t e r   an  a t r i a l   o u t p u t   to  a v o i d  

s e n s i n g   the  v o l t a g e   i n d u c e d   on  the   v e n t r i c u l a r   l e a d .   T h e  

a t r i a l   a m p l i f i e r   10  r e m a i n s   o f f   u n t i l   a f t e r   t h e   n e x t  

v e n t r i c u l a r   e v e n t   and  is   t u r n e d   on  o n l y   a f t e r   t h e  

v e n t r i c u l a r   a m p l i f i e r   12  has   been   on  f o r   31  ms.  T h i s   is   t o  

h e l p   i n s u r e   t h a t   when  b o t h   a m p l i f i e r s   a re   b e i n g   t u r n e d   b a c k  

on  t h a t   p o s s i b l e   e c t o p i c   e v e n t s   wh ich   may  o c c u r   a re   s e n s e d  

f i r s t   by  the  v e n t r i c u l a r   a m p l i f i e r   or  a re   no t   s e n s e d   a t  

a l l .   I f   both   a m p l i f i e r s   a re   t u r n e d   on  s i m u l t a n e o u s l y ,  

t h e r e   e x i s t s   the   p o s s i b i l i t y   t h a t   a  h e a t   d e p o l a r i z a t i o n  

c o u l d   have  j u s t   p a s s e d   b y  t h e   v e n t r i c u l a r   e l e c t r o d e   a n d  

w i l l   no t   be  s e n s e d   by  t h a t   a m p l i f i e r .   H o w e v e r ,   t h a t   s a m e  

e v e n t   c o u l d   r e a c h   t h e   a t r i a l   e l e c t r o d e s   l a t e r   and  b e  

r e g a r d e d   as  a  P - w a v e   s t a r t i n g   the  A-V  i n t e r v a l   and  c a u s i n g  

a  v e n t r i c u l a r   s t i m u l a t i n g   p u l s e .   Such  e c t o p i c   e v e n t s   t h a t  

o c c u r   h i g h   in  t h e   v e n t r i c l e   a r e   l i k e l y   to  be  s e n s e d   in  t h e  

a t r i u m .   The  c o n s e q u e n c e   of  t h e   PVC  s e n s e d   as  a  P - w a v e  

c o u l d   be  to  p a c e   one  A-V  i n t e r v a l   l a t e r   i n t o   wha t   may  b e  

t h e   r e p o l a r i z a t i o n   p h a s e   of  t h e   PVC  i f   t he   PVC  is   n o t   s e n s e d  

by  t he   v e n t r i c u l a r   s e n s e   a m p l i f i e r .   The  a t r i a l   b l a n k i n g  

o v e r l a p   is  d e s c r i b e d   in  g r e a t e r   d e t a i l   in  commonly   a s s i g n e d ,  

c o - p e n d i n g   U.S .   P a t e n t   A p p l i c a t i o n   S e r i a l   No.  1 4 5 , 0 5 2 ,   f i l e d  

A p r i l   30,  1980,   by  H a r o l d   Toby  M a r k o w i t z .  

A  P - w a v e   s e n s e d   a f t e r   the   a t r i a l   a m p l i f i e r   10  i s  

t u r n e a   on  out  b e f o r e   t he   end  of  t he   u p p e r   r a t e   p e r i o d   w i l l  

t r i g g e r   an  A-V  i n t e r v a l   by  the   P-R  c o u n t e r   218;   h o w e v e r ,  

t he   p u l s e   g n e r a t o r   w i l l   w a i t   u n t i l   t he   end  of  t he   u p p e r  

r a t e  p e r i o d   b e f o r e   a  v e n t r i c u l a r   o u t p u t   w i l l   o c c u r .   T h i s  

i m p l e m e n t s   t h e   u p p e r   r a t e   c h a r a c t e r i s t i c   of  t he   a t r i a l  
t r i g g - e r r n g   m e c h a n i s m .  



At  the   t i m e   of  a  v e n t r i c u l a r   e v e n t   ( s e n s e d   R - w a v e  

or  v e n t r i c u l a r   p a c i n g   o u t p u t )   t he   v e n t r i c u l a r   a m p l i f i e r   12 

is  t u r n e d   o f f   or  b l a n k e d   fo r   125  ms,  t he   u p p e r   r a t e   p e r i o d  

is  s t a r t e d   by  t h e   u p p e r   r a t e   t i m e r / c o u n t e r   220  ( a t   r a t e s   o f  

100,  125,   150,   or  175  bpm)  and  the   233  ms  v e n t r i c u l a r  

r e f r a c t o r y   is  s t a r t e d .   D u r i n g   r e f r a c t o r y   t he   l o w e r   r a t e  

t i m e r   216  c a n n o t   be  r e s e t .   The  t i m e r   216  w i l l   be  r e s e t   b y  

e i t h e r   a  v e n t r i c u l a r   p a c i n g   o u t p u t   or  s e n s e d   R-wave   w h i c h  

o c c u r s   o u t s i d e   of  the   v e n t r i c u l a r   r e f r a c t o r y   p e r i o d .   A f t e r  

tne   v e n t r i c u l a r   a m p l i f i e r   12  is  t u r n e d   on  and  b e f o r e   t he   e n d  

of  t he   233  ms  R - r e f r a c t o r y   p e r i o d ,   a  v e n t r i c u l a r   s e n s e  

a m p l i f i e r   o u t p u t   w i l l   r e s t a r t   t h e   233  ms  r e f r a c t o r y   p e r i o d ,  

125  ms  R - b l a n k i n g ,   156  ms  a t r i a l   b l a n k i n g   and  u p p e r   r a t e  

p e r i o d .  

In  t he   p r o g r a m m e d   modes  DDD  or   V D T / I ,   t h e  

v e n t r i c u l a r   a m p l i f i e r   o u t p u t s   a f t e r   v e n t r i c u l a r   b l a n k i n g  

and  b e f o r e   r e f r a c t o r y   e n d s   c a u s e   a n o t n e r   125  ms  v e n t r i c u l a r  

b l a n k i n g ,   156  ms  a t r i a l   b l a n k i n g   and  t h e   v e n t r i c u l a r  

r e f r a c t o r y   t i m e r   to  be  s e t   to  342  ms  (PVC  r e f r a c t o r y )  

p r o v i d e c   t h a t   no  p r e c e e d i n g   P -wave   has  been   s e n s e d .   T h u s ,  

t h e r e   is  a  window  of  3 4 2 - 1 2 5 = 2 1 7   ms  f o r   a  r e t r i g g e r i n g   o f  

r e f r a c t o r y .   In  o r d e r   f o r   a  s i g n a l   of  c o n t i n u o u s  

i n t e r f e r e n c e   to  keep   r e t r i g g e r i n g   the   v e n t i c u l a r   r e f r a c t o r y  

t i m e r   ( d i g i t a l   r e v e r s i o n )   t he   v e n t r i c u l a r   a m p l i f i e r   o u t p u t s  

must   be  no  f u r t h e r   a p a r t   t h a n   342  ms.  I f   t h e   v e n t r i c u l a r  

r e f r a c t o r y   t i m e r   is  a l w a y s   r e t r i g g e r e d   d u r i n g   t h e   217  m s  

window  t h e n   the   p a c e m a k e r   w i l l   o p e r a t e   A-V  s e q u e n t i a l  

a s y n c h r o n o u s   (DOO)  b e c a u s e   the   l o w e r   r a t e   t i m e r   w i l l   n o t   b e  

r e s e t   f rom  v e n t r i c u l a r   a m p l i f i e r   o u t p u t s .   T h i s   c o r r e s p o n d s  

to  a  l o w e s t   i n t e r f e r e n c e   f r e q u e n c y   of  2 .9   H z .  

H o w e v e r ,   i f   t h e   v e n t r i c u l a r   a m p l i f i e r   o u t p u t ,  

a f t e r   v e n t r i c u l a r   b l a n k i n g   and  b e f o r e   r e f r a c t o r y   e n d ,   w a s  

p r e c e e d e d   by  a  s e n s e d   P - w a v e ,   t he   R - r e f r a c t o r y   t i m e r   w i l l  

be  s e t   to  233  ms  as  d e s c r i b e d   h e r e i n b e f o r e .  

Tne  p a c e m a k e r   p r o g r a m m e d   in  t he   DDD  mode  w i l l  

p e r f o r m   in  a  p s e u d o - W e n c k e b a c h   f a s h i o n   when  a t r i a l   r a t e s  

e x c e e d   the  p r o g r a m m e d   u p p e r   r a t e .   T h e r e   w i l l   be  g r a d u a l  



A-V  l e n g t h e n i n g   u n t i l   an  a t r i a l   b e a t   does   not   l e a d   to  a  

v e n t r i c u l a r   p a c i n g   o u t p u t .   The  p r o c e s s   t hen   r e p e a t s .   A t  

h i g h   u p p e r   r a t e s   t he   d e v i c e   w i l l   r e a c h   2:1  b l o c k   d e p e n d e n t  

upon  the  p r o g r a m m e d   A-V  i n t e r v a l .  

T n u s ,   a t   a  s e t t i n g   of   250  ms  A-V  i n t e r v a l   and  1 7 5  

bpm  u p p e r   r a t e ,   t he   d e v i c e   w i l l   o p e r a t e   in  a  2:1  b l o c k   a t  

an  a t r i a l   r a t e   o f   148  bpm  ( v e n t r i c u l a r   r a t e   =  74  bpm)  a n d  

the   u p p e r   r a t e   w i l l   no t   be  u s e d .   I f   the   u p p e r   r a t e   w e r e  

s e t   to  125  bpm  t h e   d e v i c e   would  e x h i b i t   t he   A-V 

p r o l o n g a t i o n / d r o p p e d   b e a t   c h a r a c t e r i s t i c   from  a t r i a l   r a t e s  

of  125  to  148  bpm.  At  148  bpm  t he   v e n t r i c u l a r   r a t e   w o u l d  

d r o p   to  h a l f   t h a t   of  t he   a t r i a l   i n p u t .   S h o r t e r   A - V  

s e t t i n g s   push   t h e   2:1  b l o c k   p o i n t   to  h i g h e r   r a t e s .   T h i s  

o p e r a t i o n   is  s i m i l a r   in  p r i n c i p l e   to  t h a t   shown  in  c o m m o n l y  

a s s i g n e d   U.S.   P a t e n t   No.  4 , 0 5 9 , 1 1 6 .  

T h i s   d e s c r i p t i o n   is  p r e s e n t e d   to  d e s c r i b e   t h e  

b e s t   mode  in  w h i c h   the   f o l l o w i n g   d e s c r i p t i o n   of  t h e  

i n v e n t i o n   may  be  pu t   i n t o   p r a c t i c e .  

D e s c r i p t i o n   of  t h e   E n d - o f - L i f e   B e h a v i o r  

T u r n i n g   now  to  the  e n d - o f - l i f e   o p e r a t i o n   of   t h e  

p u l s e   g e n e r a t o r   of   the   p r e s e n t   i n v e n t i o n ,   TABLE  1  d e p i c t s   a  

t a b l e   of  the   modes   of  o p e r a t i o n   and  the  r a t e s   t h a t   t h e  

p u l s e   g e n e r a t o r   e x h i b i t s   in  r e s p o n s e   to  the   c l o s u r e   of  t h e  

r e e d   s w i t c h   32  and  the   p r e s e n c e   of  n o n e ,   one  or  b o t h   of  t h e  

s i g n a l s   EOL1  and  EOL2  and  FIG.  3  d e p i c t s   in  b l o c k   d i a g r a m  

form  a  p r e f e r r e d   c i r c u i t   f o r   a c h i e v i n g   t h e   modes  and  r a t e s  

of  TABLE  1.  The  b a t t e r y   power   s o u r c e   is  of  the   t y p e   w h i c h  

d e c r e a s e s   in  v o l t a g e   o v e r   t i m e ,   f rom  an  i n i t i a l   v o l t a g e   o f  

2 .8   v o l t s ,   f o r   e x a m p l e .   The  b a t t e r y   m o n i t o r s   56  and   84  a r e  

o p e r a b l e   to  d e t e c t   t he   d e p l e t i o n s   b e l o w   2 .2   v o l t s   and  2 . 0  

v o l t s ,   r e s p e c t i v e l y   f o r   e x a m p l e ,   to  p r o v i d e   the   EOL1  a n d  

EOL2  s i g n a l s   a t   t e r m i n a l s   60  and  110.   In  r e f e r e n c e   to  F I G .  

2,  the   m a g n e t   s i g n a l   a t   t e m i n a l   124  and  the   EOL1  s i g n a l   a t  

t e r m i n a l   60  a r e   c o u p l e d   to  the   R-R  or  l o w e r   r a t e   c o u n t e r  

216  and  the   EOL2  s i g n a l   at  t e r m i n a l   110  is  c o u p l e d   to  t h e  

memory  2 1 4 .  



The  p a c e m a k e r   r e s p o n d s   to  t he   c l o s u r e   of  the   r e e d  

s w i t c n   32  in  a  manne r   s i m i l a r   to  t he   r e s p o n s e   d e s c r i b e d   i n  

the   commonly   a s s i g n e d ,   c o - p e n d i n g   U .S .   P a t e n t   N o .  

4 , 2 3 0 , 1 2 0 .   B r i e f l y ,   the   c l o s u r e   of  t he   r e e d   s w i t c h   c a u s e s  

t he   p u l s e   g e n e r a t o r   to  o p e r a t e   in  an  a s y n c h r o n o u s   mode  

w h e r e i n   t he   s e n s e   a m p l i f i e r   o u t p u t   s i g n a l s   a r e   i g n o r e d   a n d  

at   a  r a t e   d i f f e r e n t   t h a n   the   p r o g r a m m e d   r a t e .   The  t h i r d  

s y n c h r o n o u s   a t r i a l   and  v e n t r i c u l a r   o u t p u t   p u l s e s   a r e  

r e d u c e d   in  w i d t h   to  75  p e r c e n t   of  t h e i r   p r o g r a m m e d   ( o r  

p u l s e   w i d t h   s t r e t c h e d )   p u l s e   w i d t h s .   One  o b s e r v i n g   the   EKG 

can  t h u s   a s c e r t a i n   t h a t   the   r e e d   s w i t c h   is  c l o s e d   s o  

p r o g r a m m i n g   or  t e l e m e t r y   can  commence  and  t h e   c a p t u r e   o r  

n o n c a p t u r e   of  the   t h i r d   p u l s e s   s e q u e n c e   p r o v i d e s   a  s a f e t y  

m a r g i n   i n d i c a t o r   (SMI  as  e a r l i e r   d e s c r i b e d ) .  

In  the   p r e s e n t   i n v e n t i o n ,   t he   r e s u l t a n t   modes  a n d  

r a t e   of  p a c i n g   ( a f t e r   the   t h i r d   p u l s e )   d e m o n s t r a t e   b o t h   t h e  

p r o g r a m m e d   mode  and  the   b a t t e r y   d e p l e t i o n   l e v e l .   I n  

r e f e r e n c e   to  TABLE  1,  t h e  

f o u r   n o r m a l l y   p r o g r a m m e d   modes  in  t he   l e f t m o s t   c o l u m n  

c h a n g e   on  a p p l i c a t i o n   of  the   m a g n e t   to  DOO  f o r   t he   m o d e s  

DOO,  DVI  and  to  VOO  f o r   the   modes  VVI,  VDT/I   a t   b e g i n n i n g  

of  l i f e   (BOL)  and  at  EOL1.  The  r a t e s   i n d i c a t e   t h e  

d i f f e r e n c e   b e t w e e n   DDD  and  DVI  and  b e t w e e n   VVI  and  V D T / I  

(AP  on  t he   c h a r t   i n d i c t i n g   "as  p r o g r a m m e d " ) .   The  r a t e s   o f  

85,  75  and  65  a re   s e l e c t e d   s i n c e   t h e s e   a r e   r a t e s   n o t  

c o n t e m p l a t e d   to  be  p r o g r a m m a b l e   r a t e s .  

T h e s e   modes  and  r a t e s   a re   d e p i c t e d   in  t h e  

f o l l o w i n g   TABLE  1: 





The  magne t   mode  end  s a f e t y   m a r g i n   i n d i c a t i n g   r a t e s  

of  t he   p r e s e n t   i n v e n t i o n   a re   p l u s   10  p e r c e n t   of  t he   r a t e s   8 5 ,  

75,  65  or  AP.  Thus ,   fo r   t he   f i r s t   t h r e e   i n t e r v a l s ,   the   r a t e s  

a re   9 3 . 5 ,   8 2 . 5   or  71 .5   bpm  d e p e n d i n g   on  t h e   EOL  c o n d i t i o n .  

T h e r e a f t e r ,   t he   r a t e s   are   the   p r e s e t   t e s t   r a t e s   of  85,  75  a n d  

65  Dpm,  r e s p e c t i v e l y .   The  10  p e r c e n t   r a t e   c h a n g e   is  e f f e c t e d  

by  the   SMI  c o u n t e r   230  of  FIG.  2  w h i c h   c o m m e n c e s   c o u n t i n g  

o u t p u t   s i g n a l s   VPT  of  the   R-R  c o u n t e r   and  u n t i l   t h r e e   p u l s e s  

a re   c o u n t e d   d i s a b l e s   a  s t a g e   in  the   d i v i d e r   200  to   i n c r e a s e  

tne   c l o c k   f r e q u e n c y   f rom  512  Hz  to  551  Hz.  The  f a s t e r   c l o c k  

f r e q u e n c y   when  a p p l i e d   to  P-R  c o u n t e r   218  and  R-R  c o u n t e r   2 1 6  

c a u s e s   t h e   10  p e r c e n t   i n c r e a s e   in  t he   r e s p e c t i v e   a t r i a l   a n d  

v e n t r i c u l a r   r a t e s .  

D u r i n g   s e n s e d   B . O . L .   c o n d i t i o n s   (when  s o u r c e  

v o l t a g e   e x c e e d s   2.2  v o l t s ,   f o r   e x a m p l e ) ,   t he   r a t e   of   85  bpm 

or  AP  and  the   a s y n c h r o n o u s   modes  DOO  or   VOO  s i g n i f y   n o r m a l  

c o n d i t i o n s   and  a l l o w   the   o b s e r v e r   to  d e t e r m i n e   t h e  

p r o g r a m m e d   mode.   But  when  s o u r c e   v o l t a g e   d e c r e a s e s   b e l o w  

2.2  v o l t s ,   t h e   EOL1  s i g n a l   c o u p l e d   to  t h e   R-R  c o u n t e r  

c a u s e s   the   R-R  c o u n t e r   to  i g n o r e   the   p r o g r a m m e d   r a t e   c o u n t  

by  p r e s e t t i n g   the  d e c o d i n g   l o g i c   b e t w e e n   t he   l o w e r   r a t e  

d a t a   bus  and  t he   c o u n t e r   s t a g e s   and  t h e r e b y   s u b s t i t u t i n g  

the  p r e s e t   c o u n t   ( c o r r e s p o n d i n g   to   75  or   8 2 . 5   bpm)  f o r   t h e  

r a t e   d a t a   c o u n t   in  memory  214.   S i m i l a r l y ,   t h e   P-R  c o u n t e r  

d e c o d i n g   c i r c u i t   is  l o a d e d   w i t h   a  p r e s e t   c o u n t   and  one  o r  

b o t h   ( d e p e n d i n g   on  the  DOO  or   VOO  mode)  c o u n t e r s   216  and  2 1 8  

a re   i n c r e m e n t e d   by  the   s low  c l o c k   p u l s e s   to  p r o v i d e   o u t p u t  

p u l s e ( s )   at   t he   75  or  8 2 . 5   bpm  r a t e .  

At  EOL1  and  m a g n e t   a p p l i c a t i o n ,   t h e   r a t e   is  t h e  

same  f o r   a l l   p r o g r a m m e d   modes .   T h e r e f o r e ,   i t   is  o n l y  

p o s s i b l e   to  d i s t i n g u i s n   the  d u a l   and  s i n g l e   c h a m b e r  

p r o g r a m m e d   m o d e s .   The  EOL1  c o n d i t i o n   w o u l d ,   in  any  c a s e ,  

c a l l   f o r   c l o s e r   e x a m i n a t i o n   and  m o n i t o r i n g   of  t he   d e v i c e  

b e c a u s e   i t   i n d i c a t e s   i m m i n e n t   b a t t e r y   d e p l e t i o n .   T h e  

o b s e r v i n g   p h y s i c i a n   would  s c h e d u l e   a  p r o c e d u r e   to  r e m o v e  

and  r e p l a c e   the   d e v i c e   or  p r o l o n g   i t s   l i f e   by  c h a n g i n g  



to  a  s i m p l e r   mode,   e . g .   VVI,  or  l o w e r i n g   t he   p a c i n g   r a t e .  

When  b a t t e r y   v o l t a g e   d e c r e a s e s   b e l o w   the  EOL2 

l e v e l   ( e . g .   2 .0   v o l t s ) ,   t he   a p p l i c a t i o n   of  t he   m a g n e t  

c a u s e s   the  SMI  s e q u e n c e   as  e a r l i e r   d e s c r i b e d   and  t h e n  

o p e r a t e s   the  p u l s e   g e n e r a t o r   in  t h e   VOO  Mode  r e g a r d l e s s   o f  

t h e   p r o g r a m m e d   mode  and  at  a  r a t e   of   65  bpm.  T h i s  

i n d i c a t e s   to  the   o b s e r v i n g   p h y s i c i a n   t h a t   f i n a l   b a t t e r y  

d e p l e t i o n   is  n e a r   and  t h a t   the   u n i t   is  to  be  r e p l a c e d .  

The  65  bpm  r a t e   is  a c c o m p l i s h e d   at  m a g n e t  

a p p l i c a t i o n   by  o p e r a t i o n   of  l o g i c   c i r c u i t r y   w i t h i n   t h e  

memory   214  which   r e s p o n d s   to  the   EOL2  s i g n a l   on  t e r m i n a l  

110  and  a d v a n t a g e o u s l y   l o a d s   in  t h e   s a f e t y   r a t e   of  65  bpm 

w h i c h   is  h a r d w i r e d   i n t o   memory  214 .   The  s a f e t y   r a t e   t h u s  

i s   d i r e c t e d   on  L-R  d a t a   bus  l i n e   to  R-R  c o u n t e r   216  t o  

c o n t r o l   the   r a t e   in  t he   VOO  mode  in  p r e c e d e n c e   o v e r   t h e  

p r o g r a m m e d   r a t e .   A f t e r   t he   r e m o v a l   of  t h e   m a g n e t ,   t h e  

p u l s e   g e n e r a t o r   in  t h i s   c o n d i t i o n   d o e s   no t   r e t u r n   to  t h e  

p r o g r a m m e d   mode  or  r a t e   but   r e m a i n s   at   the   65  bpm  r a t e   i n  

t h e   VVI  mode  to  d e c r e a s e   the   c u r r e n t   demand  in  t h e  p o w e r  

s o u r c e .   Thus  once   the   EOL2  l e v e l   is  r e a c h e d   and  the  m a g n e t  

a p p l i e d ,   the   s a f e t y   r a t e   and  mode  t a k e   p r e c e d e n c e   o v e r   t h e  .  

p r o g r a m m e d   r a t e   and  mode.   P r e f e r a b l y   the   p u l s e   g e n e r a t o r  

can  no  l o n g e r   be  r e p r o g r a m m e d ;   h o w e v e r ,   i t   c o u l d   b e  

d e s i g n e d   to  a l l o w   t h e   p h y s i c i a n   to  s u b s e q u e n t l y   r e p r o g r a m  
t h e   p u l s e   g e n e r a t o r .   The  EOL2  mode  and  r a t e   i n d i c a t e s   t o  

t h e   o b s e r v i n g   p h y s i c i a n   t h a t   the   p u l s e   g e n e r a t o r   s h o u l d   b e  

r e p l a c e d   as  soon  as  p r a c t i c a b l e .  

T u r n i n g   now  to  FIG.  3  t h e r e   i s   d e p i c t e d   a  b l o c k  

d i a g r a m   of  a  c i r c u i t   f o r   e f f e c t i n g   t h e   e n d - o f - l i f e   t e s t  

r a t e s   and  modes  d e s c r i b e d   in  r e f e r e n c e   t o   TABLE  1  and  i n  

t h e   c o n t e x t   of  F I G s .   1  and  2.  The  c i r c u i t   of  FIG.  3 

r e s p o n d s   to  the   EOL1  s i g n a l   at   t e r m i n a l   60,   t he   EOL2  s i g n a l  

a t   t e r m i n a l   110,  t he   c l o s u r e   of  t he   r e e d   s w i t c h   at  t e r m i n a l  

124,   t he   c l o c k   i n p u t   at  t e r m i n a l   128  and  the   c o n t e n t s   of  t h e  

mode  and  r a t e   memory  to  p r o v i d e   t he   modes   and  r a t e s  

h e r e i n b e f o r e   m e n t i o n e d .   The  r a t e s   a r e   e s t a b l i s h e d   b y  



t h e   e i g h t   s t a g e   c o u n t e r   250  ( in   t h e   R-R  c o u n t e r   216)   wh ich   i s  

l o a d e d   wi th   s e l e c t e d   r a t e   d a t a   and  d o w n c o u n t e d   by  t he   5 1 2 / 5 5 1  

Hz  c l o c k   200  u n t i l   a  f i r s t   c o u n t   is   o b t a i n e d   w h i c h   is  d e c o d e d  

by  the  P-R  d e c o d e r   252  to  p r o d u c e   the   a t r i a l   pace   t r i g g e r  

s i g n a l   APT,  and  t h e n   d o w n c o u n t e d   to  a  f u r t h e r   p r e d e t e r m i n e d  

number   w h e r e u p o n   the   R-R  d e c o d e r   254  p r o d u c e s   the   v e n t r i c u l a r  

p a c e   t r i g g e r   s i g n a l   VPT.  The  s e l e c t e d   r a t e   c o u n t   is  l o a d e d  

i n t o   the   c o u n t e r   250  by  the   r a t e   s e l e c t   l o g i c   256  e a c h   t i m e  

t h e   c o u n t e r   250  is  t r i g g e r e d   by  t h e   t r i g g e r   l o g i c   258 .   T h e  

s e l e c t e d   r a t e   c o u n t   is  one  of  f o u r   p o s s i b l e   c o u n t s ,   i n c l u d i n g  

t h e   p r o g r a m m e d   c o u n t   and  t h e   65  bpm  s a f e t y   r a t e ,   b o t h   p r e s e n t  

in  the  r a t e   memory  s t a g e s   258 ,   t he   75  bpm  p r e s e t   l o g i c  

c i r c u i t   260,   and  t h e   85  bpm  c o u n t   of  p r e s e t   l o g i c   c i r c u i t  

262 .   The  s e l e c t i o n   of  t he   one  of  t he   f o u r   p o s s i b l e   r a t e  

c o u n t s   is  c o n t r o l l e d   by  mode  s e l e c t   c i r c u i t   220  and  by  t h e  

p r e s e n c e   or  a b s e n c e   of  the   EOL1  and  EOL2  s i g n a l s   w h i c h   s e t  

t h e   r e s p e c t i v e   EOL1  and  EOL2  d a t a   r e g i s t e r s   264  and  2 6 6 .  

The  c l o s u r e   of  t he   r e e d   s w i t c h   32  (FIG.   1)  p r o v i d e s  

a  s i g n a l   at  t e r m i n a l   124  and  s e t s   t he   m a g n e t   e n a b l e  

r e g i s t e r   268.   The  s e t t i n g   of  t he   m a g n e t   e n a b l e   r e g i s t e r  

268  c a u s e s   the   SMI  c o u n t e r   230  to  c h a n g e   the   c l o c k  

f r e q u e n c y   of  c l o c k   200  f rom  512  Hz  to  551  Hz  f o r   t h r e e   R - R  

c y c l e s   of  t he   e i g h t   s t a g e   c o u n t e r   250  s u b s e q u e n t   to  t h e  

n e x t   f o l l o w i n g   d e l i v e r y   of  a  v e n t r i c u l a r   p a c e   t r i g g e r   V P T .  

The  s e t   s t a t e   of  t he   m a g n e t   e n a b l e   r e g i s t e r   268  is  a l s o  

c o n v e y e d   to  the  mode  s e l e c t   l o g i c   270  and  to  t he   t r i g g e r  

l o g i c   258.  The  mode  s e l e c t   l o g i c   270  r e c e i v e s   a  f u r t h e r  

i n p u t   from  the  mode  memory  s t a g e s   272  of  the   memory  2 1 4  

(FIG.   2) .   The  mode  s e l e c t   l o g i c   270  is  t r i g g e r e d   by  the   s e t  

s t a t e - o f   the   m a g n e t   e n a b l e   r e g i s t e r   268  to  p r o v i d e   an  o u t p u t  

s i g n a l   wh ich   is  a p p l i e d   to  t he   P-R  d e c o d e r   252  to ,   in  c e r t a i n  

i n s t a n c e s   be  d e s c r i b e d ,   d i s a b l e   t he   d e c o d e r   252  t h u s  

p r e v e n t i n g   the   p r o d u c t i o n   of  an  a t r i a l   pace   t r i g g e r   p u l s e  

APT.  The  t r i g g e r   l o g i c   c i r c u i t   258  r e s p o n d s   to  the   n e x t  

o c c u r r i n g   VPT  s i g n a l   f o r   p r o v i d i n g   a  t r i g g e r   s i g n a l   to  t h e  



T  i n p u t   of  c o u n t e r   250 .   The  mode  d a t a   of  t he   mode  m e m o r y  

s t a g e s   272  is  a l s o   a p p l i e d   to  the   P-R  d e c o d e r   252  t o  

d i s a b l e   the   d e c o d e r   252  u n d e r   EOL2  c o n d i t i o n s .  

At  BOL  c o n d i t i o n s ,   the   r e g i s t e r s   264  and  266  a r e  

n o t   s e t .   The  p r o g r a m m e d   r a t e   d a t a   t h a t   is   in  the   r a t e  

memory   s t a g e s   258  is  a p p l i e d   to  t he   r a t e   s e l e c t   l o g i c   2 5 6  

to   one  i n p u t   of  AND  g a t e   274.  In  a d d i t i o n ,   t h e   85  bpm 

p r e s e t   l o g i c   262  p r o v i d e s   the  85  bpm  p r e s e t   r a t e   to  o n e  

- i n p u t   of  AND  g a t e   276  in  the   r a t e   s e l e c t   l o g i c   256.   I n  

r e f e r e n c e   to  TABLE  1,  i f   the  p r o g r a m m e d   mode  i n d i c a t e d   by  

t h e   mode  d a t a   f rom  mode  memory  s t a g e s   272  is   DVI  or   V V I ,  

t h e   r a t e   s e l e c t   l o g i c   256  s e l e c t s   t he   p r o g r a m m e d   r a t e   a n d  

a p p l i e s   i t   to  t he   c o u n t e r   250.  I f   t he   mode  d a t a   is  no t   DVI 

n o r   VVI,  t he   r a t e   s e l e c t   l o g i c   256  i s ,   in  r e s p o n s e   to  t h e  

t r i g g e r   s i g n a l ,   p r e s e t   to  85  bpm  by  t he   p r e s e t   l o g i c   2 6 2 ,  

and  t h e   85  bpm  r a t e   c o u n t   is  l o a d e d   i n t o   t h e   c o u n t e r   2 5 0 .  

T h u s ,   at  BOL  t he   a s y n c h r o n o u s   p a c i n g   r a t e   is  e i t h e r   85  bpm 

( 9 3 . 5   bpm  f o r   t he   f i r s t   t h r e e   p a c i n g   i n t e r v a l s )   or  t h e  

p r o g r a m m e d   r a t e ,   d e p e n d i n g   on  t he   p r o g r a m m e d   mode.   I n  

e i t h e r   c a s e ,   t he   d a t a   is  l o a d e d   i n t o   c o u n t e r   250  t h r o u g h   OR 

g a t e   2 8 0 .  

The  s e l e c t i o n   of  the   p r o g r a m m e d   r a t e   or  the   85  bpm 

r a t e   is  a c c o m p l i s h e d   by  the  mode  s e l e c t   2 7 0 ,   the   AND  g a t e  

282  and  the   i n v e r t e r   284 .   The  m a g n e t   e n a b l e   s i g n a l   and  t h e  

EOL1  s i g n a l   a r e   at  h i g h   l o g i c   l e v e l s   and  a r e   a p p l i e d   t o  

i n p u t s   of  AND  g a t e   282 .   If   t he   DDD  o r   VDT/I   modes   a r e  

p r o g r a m m e d   in  memory  s t a g e   272,   t h e n   the   o u t p u t   on  l i n e   2 8 6  

o f   mode  s e l e c t   270  is   a l s o   h i g h   and  the   o u t p u t   of  AND  g a t e  

282  g o e s   h i g h .   The  h i g h   o u t p u t   is  c o u p l e d   to  an  i n p u t   of  AND 

g a t e   276  and  t h a t   g a t e   276  is  e n a b l e d   to  p a s s   the   85  bpm 

c o u n t   d a t a   t h r o u g h   OR  g a t e   280  to  t he   c o u n t e r   250.   The  o t h e r  

two  g a t e s ,   274  and  278  a re   d i s a b l e d   by  the   low  l o g i c   l e v e l  

o u t p u t   of  i n v e r t e r   2 8 4 .  

If  the   p r o g r a m m e d   modes  a r e   DVI  o r   VVI,  t h e  

o u t p u t   286  is  low,   and  g a t e   282  is  d i s a b l e d .   S i n c e   t h e  

EOL1  s i g n a l   and  the   o u t p u t   of  i n v e r t e r   284  a r e   h i g h ,   t h e n   t h e  

r a t e   c o u n t   t o r   r a t e   memory  s t a g e   258  is  t r a n s m i t t e d  



t h r o u g h   AND  g a t e   274  and  OR  g a t e   280  to  l o a d   t h e   c o u n t e r  

2 5 0 .  

O r d i n a r i l y ,   in  the   a b s e n c e   of  the   m a g n e t   e n a b l e  

s i g n a l ,   the   EOL1  o u t p u t   of  r e g i s t e r   264  and  t h e   o u t p u t   o f  

i n v e r t e r   284  a r e   h i g h .   The  AND  g a t e   274  i s   t h e r e f o r e  

e n a b l e d ,   and  t he   g a t e s   276 ,   278  and  282  a r e   d i s a b l e d .   T h u s ,  

the   AND  g a t e   274  a l s o ,   in  the   o r d i n a r y   o p e r a t i o n   of  t he   p u l s e  

g e n e r a t o r ,   a p p l i e s   the   p r o g r a m m e d   r a t e  c o u n t   to  t he   c o u n t e r  

2 5 0 .  

At  i m m i n e n t   b a t t e r y   d e p l e t i o n ,   t he   EOL1  d a t a   r e g i s t e r  

264  is  s e t   c a u s i n g   the   EOL1  s i g n a l   to  go  h i g h .   T h u s ,   t he   AND 

g a t e   278  is  e n a b l e d   and  the   AND  g a t e s   274  and  276  a r e  

d i s a b l e d .   When  t h e   g a t e   278  is  e n a b l e d ,   t h e   r a t e   s e l e c t  

l o g i c   256  s u p p l i e s   t he   75  bpm  r a t e   c o u n t   u n d e r   a l l   p r o g r a m m e d  

c o n d i t i o n s   to  t he   c o u n t e r   2 5 0 .  

At  f i n a l   b a t t e r y   d e p l e t i o n   the   d a t a   r e g i s t e r s   266  a n d  

264  a re   s e t   and  r e s e t ,   r e s p e c t i v e l y .   S i m u l t a n e o u s l y ,   t h e  

memory  r a t e   c o u n t   is  e r a s e d   and  the   h a r d w i r e d   s a f e t y   r a t e   o f  

65  bpm  is  p r e s e n t e d   to  t he   AND  g a t e   274.   In  a d d i t i o n ,   t h e  

p r o g r a m m e d   mode  is  r e s e t   to  the   VVI  mode  so  t h a t   the   mode  

s e l e c t   270  p r o v i d e s   a  s i g n a l   on  c o n d u c t o r   2 8 8  t o   d i s a b l e   t h e  

P-R  d e c o d e r .   The  EOL1  s i g n a l   is  h i g h   and  t he   o u t p u t   of  AND 

g a t e   282  is  low,   and  AND  g a t e   274  is  t h e r e f o r e   e n a b l e d .   T h e  

r a t e   is  t h e r e f o r e   s e t   at   65  bpm  and  the  mode  i s   s e t   to  t h e  

VOO  mode  at  t h e   t i m e   t h a t   t he   m a g n e t   is  a p p l i e d   'and  to  t h e  

VVI  mode  t h e r e a f t e r .  

In  a d d i t i o n ,   i t   is  c o n t e m p l a t e d   t h a t   t he   memory  may  
c o n t a i n   ha rd   w i r e d   s a f e t y   or  n o m i n a l   v a l u e s   f o r   o t h e r  

p a r a m e t e r s ,   e . g .   t he   v e n t r i c u l a r   p u l s e   w i d t h   ( e . g .   0 - 5  

ms) ,   and  the   v e n t r i c u l a r   s e n s i t i v i t y   ( e . g .   2 . 5   mV).  T h e  

n o m i n a l   v e n t r i c u l a r   p u l s e   w i d t h   and  s e n s i t i v i t y   d a t a   a r e  

s u b s t i t u t e d   f o r   t he   p r o g r a m m e d   d a t a   and  c o n t r o l   o p e r a t i o n   o f  

the   p u l s e   g e n e r a t o r   in  the  VVI  mode  at  EOL2 .  

T h e  m o d e s   and  r a t e s   r e l a t e d   a re   a r b i t r a r y ,   bu t   a r e  

s e l e c t e d   to  be  d i s t i n g u i s h a b l e   f rom  n o r m a l l y   p r o g r a m m a b l e  

r a t e s .   I t   is   c o n t e m p l a t e d   t h a t   d i f f e r e n t   r a t e s   c o u l d   b e  



r e l a t e d   to  d i s t i n g u i s h   each   mode  u n d e r   each   b a t t e r y   d e p l e t i o n  

c o n d i t i o n .   I t   is  f u r t h e r   c o n t e m p l a t e d   t h a t   the   e n d - o f - l i f e  

d e p l e t i o n   c i r c u i t s   and  modes  h e r e i n   d e s c r i b e d   c o u l d   as  w e l l  

be  a p p l i e d   to  p a c e m a k e r s   p r o g r a m m a b l e   in  o n l y   two  or  more  o f  

the   modes  h e r e i n   d e s c r i b e d .   The  o p e r a t i n g   modes  a n d  

p a r a m e t e r s   of  any  m e d i c a l   d e v i c e   o t h e r   t h a n   a  p a c e m a k e r   p u l s e  

g e n e r a t o r   may  s i m i l a r l y   be  c h a n g e d   to  i n d i c a t e   i t s   p o w e r  

s o u r c e   d e p l e t i o n   l e v e l .   The  i n v e n t i o n   may  t h u s   f i n d  

a p p l i c a t i o n   in  an  i m p l a n t a b l e   d r u g   d i s p e n s e r ,   n e r v e   or  t i s s u e  

s t i m u l a t o r ,   b l o o d   pump  or  o t h e r   m e d i c a l   d e v i c e   d e p e n d e n t   o n  

an  d e p l e t a b l e   power   s o u r c e .  

The  i n v e n t i o n   may  a l s o   be  i m p l e m e n t e d   in  any  s u i t a b l e  

a n a l o g   or  d i g i t a l   c i r c u i t r y   i n c l u d i n g   s o f t w a r e   c o n t r o l l e d  

c u s t o m   or  c o n v e n t i o n a l   m i c r o p r o c e s s o r s .   T h e s e   and  o t h e r  

m o d i f i c a t i o n s   or  u s e s   of  t he   i n v e n t i o n   w i l l   be  a p p a r e n t   t o  

t h o s e   s k i l l e d   in  the  a r t .  



1.  A  p r o g r a m m a b l e   m e d i c a l   d e v i c e   h a v i n g  

p r o g r a m m a b l e   means   r e s p o n s i v e   to   e x t e r n a l l y   a p p l i e d  

p r o g r a m m i n g   s i g n a l s   f o r   p r o g r a m m i n g   t h e   o p e r a t i o n   of  t h e  

m e d i c a l   d e v i c e   in   one  of  a  p l u r a l i t y   of  o p e r a t i n g   m o d e s  

and  o p e r a t i n g   r a t e s   c o m p r i s i n g  :   a  d e p l e t a b l e   p o w e r   s o u r c e  

f o r   p o w e r i n g   s a i d   m e d i c a l   d e v i c e ;   p o w e r   s o u r c e   e n e r g y  

d e t e c t i n g   means   c o u p l e d   to   s a i d   p o w e r   s o u r c e   f o r   p r o v i d i n g  

a  f i r s t   e n d - o f - l i f e   s i g n a l   a t   a  f i r s t   d e p l e t i o n   l e v e l   a n d  

a  s e c o n d   e n d - o f - l i f e   s i g n a l   a t   a  s e c o n d   d e p l e t i o n   l e v e l  

l o w e r   t h a n   s a i d   f i r s t   d e p l e t i o n   l e v e l ,   c h a r a c t e r i z e d  

in  t h a t   t h e r e   i s   i n c l u d e d  :   f i r s t   r a t e   and  mode  s w i t c h i n g  

means  c o u p l e d   to   s a i d   p r o g r a m m a b l e   means   and  s a i d   d e t e c t i n g  

means   and  r e s p o n s i v e   to  an  e x t e r n a l l y   a p p l i e d   t e s t i n g  

s i g n a l   f o r   o p e r a t i n g   s a i d   m e d i c a l   d e v i c e   in  a  f i r s t  

p r e d e t e r m i n e d   mode  and  a t   t h e   p r o g r a m m e d   r a t e   when  n e i t h e r  

a  f i r s t   no r   a  s e c o n d   e n d - o f - l i f e   s i g n a l   i s   p r e s e n t :   s e c o n d  

r a t e   and  mode  s w i t c h i n g   means   c o u p l e d   to   s a i d   p r o g r a m m a b l e  

means  and  s a i d   d e t e c t i n g   means   and  r e s p o n s i v e   to  s a i d  

t e s t i n g   s i g n a l   f o r   o p e r a t i n g   s a i d   m e d i c a l   d e v i c e   in  t h e  

f i r s t   p r e d e t e r m i n e d   mode  and  a t   a  f i r s t   p r e d e t e r m i n e d  

r a t e   when  s a i d   f i r s t   e n d - o f - l i f e   s i g n a l   i s   p r e s e n t ;   a n d  

t h i r d   r a t e   and  mode  s w i t c h i n g   means   c o u p l e d   to  s a i d  

p r o g r a m m a b l e   means   and  s a i d   d e t e c t i n g   means   and  r e s p o n s i v e  

to  s a i d   t e s t i n g   s i g n a l   f o r   o p e r a t i n g   s a i d   m e d i c a l  

d e v i c e   in  a  s e c o n d   p r e d e t e r m i n e d   mode  and  r a t e   when  s a i d  

s e c o n d   e n d - o f - l i f e   s i g n a l   i s   p r e s e n t .  

2.  The  p r o g r a m m a b l e   m e d i c a l   d e v i c e   o f  

c l a i m   1,  c h a r a c t e r i z e d   in  t h a t   s a i d   f i r s t   r a t e   and  m o d e  

s w i t c h i n g   means   f u r t h e r   c o m p r i s e s   s e l e c t i n g   means   r e s p o n s i v e  

to  t h e   p r o g r a m m e d   mode  f o r   o p e r a t i n g   s a i d   m e d i c a l   d e v i c e  

at   a  t h i r d   p r e d e t e r m i n e d   r a t e   when  s a i d   p r o g r a m m a b l e   m e a n s  

is   p r o g r a m m e d   to  a  c e r t a i n   o p e r a t i n g   mode  and  a t   s a i d  

p r o g r a m m e d   r a t e   when  s a i d   p r o g r a m m a b l e   means   i s   p r o g r a m m e d  

to  a  f u r t h e r   o p e r a t i n g   m o d e .  



3.  The  p r o g r a m m a b l e   m e d i c a l   d e v i c e   o f  

c l a i m   1,  c h a r a c t e r i z e d   in  t h a t   s a i d   t h i r d   r a t e   and  m o d e  

s w i t c h i n g   means   f u r t h e r   c o m p r i s e s   means   f o r   c h a n g i n g  

t h e   p r o g r a m m e d   r a t e   in  s a i d   p r o g r a m m a b l e   means   to   s a i d  

s e c o n d   p r e d e t e r m i n e d   r a t e .  

4.  The  p r o g r a m m a b l e   m e d i c a l   d e v i c e   o f  

c l a i m   2,  c h a r a c t e r i z e d   in  t h a t   s a i d   t h i r d   r a t e   and  m o d e  

s w i t c h i n g   means   f u r t h e r   c o m p r i s e s   means   f o r   c h a n g i n g   t h e  

p r o g r a m m e d   r a t e   in   s a i d   p r o g r a m m a b l e   means   to   s a i d  

s e c o n d   p r e d e t e r m i n e d   r a t e .  

5.  The  p r o g r a m m a b l e   m e d i c a l   d e v i c e   o f  

c l a i m   1,  c h a r a c t e r i z e d   in   t h a t   s a i d   t h i r d   r a t e   and  m o d e  

s w i t c h i n g   means   f u r t h e r   c o m p r i s e s   means   f o r   c h a n g i n g   t h e  

p r o g r a m m e d   mode  in   s a i d   p r o g r a m m a b l e  m e a n s   to   s a i d   s e c o n d  

p r e d e t e r m i n e d   m o d e .  

6.  The  p r o g r a m m a b l e   m e d i c a l   d e v i c e   o f  

c l a i m   2,  c h a r a c t e r i z e d   in   t h a t   s a i d   t h i r d   r a t e   and  m o d e  

s w i t c h i n g   means   f u r t h e r   c o m p r i s e s   means   f o r   c h a n g i n g  

t h e   p r o g r a m m e d   mode  in  s a i d   p r o g r a m m a b l e   means   to   s a i d  

s e c o n d   p r e d e t e r m i n e d   m o d e .  

7.  The  p r o g r a m m a b l e   m e d i c a l   d e v i c e   o f  

c l a i m   3,  c h a r a c t e r i z e d   in   t h a t   s a i d   t h i r d   r a t e   and  m o d e  

s w i t c h i n g   means   f u r t h e r   c o m p r i s e s   m e a n s   f o r   c h a n g i n g  

t he   p r o g r a m m e d   mode  in   s a i d   p r o g r a m m a b l e   means   to   s a i d  

s e c o n d   p r e d e t e r m i n e d   m o d e ,  

8.  The  p r o g r a m m a b l e   m e d i c a l   d e v i c e   o f  

c l a i m   1,  c h a r a c t e r i z e d   in   t h a t   t h e r e   i s   i n c l u d e d  

p u l s e   g e n e r a t i n g   means   f o r   p r o v i d i n g   t i s s u e   s t i m u l a t i n g  

p u l s e s   a t   s a i d   o p e r a t i n g   r a t e s .  

9.  A  p r o g r a m m a b l e   m e d i c a l   d e v i c e   h a v i n g  

p r o g r a m m a b l e   means   r e s p o n s i v e   to   e x t e r n a l l y   a p p l i e d  

p r o g r a m m i n g   s i g n a l s   f o r   p r o g r a m m i n g   t h e   o p e r a t i o n   of  t h e  

m e d i c a l   d e v i c e   in  one  of  a  p l u r a l i t y   of  o p e r a t i n g   m o d e s  

and  o p e r a t i n g   r a t e s   c o m p r i s i n g  :   a  d e p l e t a b l e   p o w e r  

s o u r c e   f o r   p o w e r i n g   s a i d   m e d i c a l   d e v i c e ;   p o w e r   s o u r c e  

e n e r g y   d e t e c t i n g   means   c o u p l e d   to   s a i d   p o w e r   s o u r c e   f o r  



p r o v i d i n g   an  e n d - o f - l i f e   s i g n a l   a t   an  e n e r g y   d e p l e t i o n  

l e v e l ;   and  d i g i t a l   c o n t r o l   and  memory  means   r e s p o n s i v e  

to  s t o r e d   o p e r a t i n g   mode  and  r a t e   c o n t r o l   d a t a   f o r  

s e l e c t i v e l y   o p e r a t i n g   s a i d   m e d i c a l   d e v i c e ,   c h a r a c t e r i z e d  

in  t h a t  :   means   f o r   o p e r a t i n g   s a i d   m e d i c a l   d e v i c e  

a t   a  n o n - p r o g r a m m a b l e   s a f e t y   r a t e   a n d  i n   low  e n e r g y  

c o n s u m i n g   mode  in  t h e   a b s e n c e   of  any  s t o r e d   o p e r a t i n g  

mode  and  r a t e   c o n t r o l   d a t a ;   and  mode  and  r a t e   s w i t c h i n g  

means   r e s p o n s i v e   to   s a i d   e n d - o f - l i f e   s i g n a l   f o r  

d i s r e g a r d i n g   any  s t o r e d   o p e r a t i n g   mode  and  r a t e   c o n t r o l  

d a t a   in  s a i d   memory  means   and  f o r   o p e r a t i n g   s a i d   m e d i c a l  

d e v i c e   a t   s a i d   s a f e t y   r a t e   and  in  s a i d   low  e n e r g y  

c o n s u m i n g   m o d e .  
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